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1. DISCUSSION 


A. Cytological changes induced by vadiations. 

Many studies have been made on the effects of radiations on mitosis 
and meiosis in plant cells. The interaction of X-rays or other ionizing 
particles with the protoplasm is generally considered to be mediated. 
by excitations and / or ionizations, either directly or indirectly. This 
is, however, only the first step in a chain of events which ultimately 
end in a recognizable biological effect. The intermediate steps are 
only partially understood and probably, in most cases they may be 
of a complex nature, which in some cases like mutations, result in 
a stable chemical change in a specific nucleoprotein molecule of the 
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nucleus and in others, in unstable or degenerative changes. The 
cytological effects of ionizing radiations have been described in detail 
by Lea (1946), CATCHESIDE (1948), SPARROW (1951), DARLINGTON 
(1952), SPARROW and FERRO (1953), MULLER (1954, 1956), GUSTAFS- 
SON and voN WETTSTEIN (1956), SAX (1957), NATARAJAN (1958) and 
several other authors. 

During the present investigation, cytological studies were carried 
out both during mitosis and meiosis in wheat and barley series ir- 
radiated with various dosages of X-rays and fast neutrons. The most 
common effect of these ionizing radiations was chromosome breakage. 
Other changes observed were differential condensation of the chromo- 
somes in a complement, reunion resulting in di- and multi-centric 
chromosomes, minute deletions, translocations etc. The various 
chromosome configurations and other changes observed during the 
investigation are briefly discussed below. 

Observations were made of metaphase chromosomes only, since 
anaphase was arrested according to the procedure of WorrrF and 
LurrporDp (1957). Scoring of metaphase aberrations is more satis- 
factory than scoring of anaphase, for one can see all the chromosomes 
and distinguish nearly all types of aberrations. At anaphase, it is 
sometimes difficult to distinguish between single bridges resulting 
from a single hit, isochromatid breaks and double bridges associated 
with dicentrics and rings. 

L. Subchromatid breaks. A few cells in hexaploid wheat treated with 
fast neutrons, showed minutes and these were taken as subchromatid 
breaks, as has been done earlier by NEBEL (1937), CARLSON (1938) and 
SWANSON (1943). Subchromatid breaks have been reported recently 
by SLYZINSKI (1950), CROUSE (1954), LA Cour and RUrISHAUSER 
(1954), KrHLMAN (1955), SAX and KinG (1955), NATARAJAN (1958) 
and WirsoN ef al. (1959) in irradiated plant material. According to 
SWANSON (1947), LA COUR and RUTISHAUSER (1954) and CROUSE 
(1954) subchromatid breaks are produced by X-ray treatment of 
prophase or metaphase chromosomes and irradiation of resting nuclei 
results in “full breaks” of the ordinary type. However, during the 
present study dry, dormant seeds had been irradiated in all cases. 
According to ÖSTERGREN and WAKONIG (1954) the matrix around the 
chromosomes may prevent the pieces resulting from breakage to 
separate from one another. [f the breaks induced in a chromonema 
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under these circumstances are able to rejoin in new combinations, 
then subchromatid interchange configurations or pseudochiasmata 
occur. The conclusion of ÖsTERGREN and WAKONIG (1954) that half- 
chromatid exchange configurations arise from stickiness involving 
only the matrix of the chromosomes was based on the failure of the 
half exchanges to appear as whole chromatid exchanges at the next 
division when roots were grown in colchicine to prevent the breakage 
of the connections at anaphase. However, as MITRA (1958) has pointed. 
out, ÖSTERGREN and WAKONIG’s hypothesis does not explain why 
the subchromatid effects produced by irradiation of chromosomes in 
first meiotic prophase and metaphase survive into the second ana- 
phase of meiosis after passage through an interphase when the matrix 
would be expected to disappear. Also, it does not account for their 


production at metaphase after the presumed matrix would be fully 
formed. TAYLOR (1958) in his studies using thymidine—H? found 
that all exchanges resulted from the breakage of whole chromatids. 
However, he has pointed out that this observation does not establish 
that half chromatid exchanges do not occur. These experiments only 
show that they do not persist either after a normal anaphase or after 
a c-mitosis. They could be the first events in whole chromatid ex- 
changes. 

Finally, evidence is now growing which creates doubt about the 
presence of matrix around the chromosome. Ris (1957) has shown that 
the so-called matrix may be nothing but a fixation artefact, caused 
by the contraction of the chromosomes leaving a halo around it. He 
failed to get any positive test as to its chemical nature and he con- 
cludes that chromosomes are not surrounded by any membrane-like 
substance. It is not difficult to understand the occurrence of sub- 

_chromatid breaks even when the resting nuclei are irradiated, since 
it is now clearly established that the submicroscopic structure of 
_chromosome reveals a many stranded (chromosome fibrils) nature and 
_ it may be visualised that ionization may break a few strands or the 
d whole chromosome, yielding subchromatid, half chromatid, chromatid 
and chromosomal breaks. Further elucidation of the chemistry of 
_ binding of the chromosome fibrils is necessary to explain fully the 
À occurrence of sub-chromatid breaks during certain stages of the 


_nuclear cycle. EE 
2. Chromosome breaks and reunion of broken chromosomes. The most 
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common aberration observed in cells of root tips grown from the wheat 
and barley series treated with different dosages of X-rays and fast 
neutrons, was chromosome breaks. Chromatid breaks were very rarely 
seen. The exact mechanism of chromosome breakage is still far from 
clear. In order to understand how ionizing radiations produce bio- 
logical effects it would be necessary to know not only the effect they 
have on individual morphological components of the nucleus and 
cytoplasm, but also how radiations produce their chemical effects, 
and how chemical changes are responsible for the biological effects. 
One of the theories put forth to explain the radiation modification 
of biological units is the target theory postulated by LEA (1946) and 
TIMOFEEFF-RESSOvSKY and ZIMMER (1947) which has been refined by 
PorLARD and his coworkers (1953, 1955). According to this theory 
passage of ionizations within the unit will bring about structural 
changes which in turn are responsible for the biological effects. The 
efficiency of inactivation should depend upon the density of ionization- 
and on the physical state of the irradiated system. Further, it is 
supposed that radiation damage occurs at the point of the original 
ionizations and that there is little, if any, migration of this energy. 
ZIMMER (1957) has pointed out that though there is no doubt that 
ionizations within the molecules can change their structure and sub- 
sequent function, single explanations are highly unlikely for radiation 
effects in biological systems. The target theory holds good only in 
cases where there is no transfer of radiation energy between the target 
molecule and its environment. Recent developments in radiochemistry 
have established that ionizations within water molecules produce 
free radicals, and that they can diffuse over reasonably long distances 
within the cell, bringing about structural modifications of molecules 
in its path (ZIRKLE and Togras, 1953). Further, it is also known that 
a large number of radiomimetic agents also bring about the same 
results as ionizing radiations (AUERBACH, 1958). There is a 15 to 20 
fold inerease in the chromosomal aberrations in dormant barley seeds 
subjected to hydrogen peroxide and ferric sulphate over controls 
subjected to either hydrogen peroxide or ferric sulphate (PurrLres, 
1956). The pattern of chromosome aberrations produced in this 
fashion is much the same as that produced by ionizing radiation. 
Recently, NATARAJAN and SWAMINATHAN (1958) have shown that 
when young embryos of wheat are cultured in media exposed to heavy 
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doses of X-rays, chromosome aberrations qualitatively analogous to 
those induced by direct irradiation are produced. 

Woop (1958) has reviewed these two theories and has pointed out 
the inadequacies of the theories to explain all the biological effects of 
radiation. ALPER (1956) has shown that the role of free radicals and 
peroxides may be interpreted in such a way as to support rather than 
weaken the target theory as presented originally. BUTLER (1956) has 
attempted to account for the large biological effects resulting from 
small radiation energy inputs in terms of a few changes in the DNA- 
histone relationships in the cell. It is obvious that it is not possible 
at the present state to put forward a hypothesis which can account 
for all the available data. 

The strongest evidence in favour of the indirect action model of 
radiation effects in biological systems is the modification of primary 
radiation events brought about by various physical and chemical 
agents. Among these, the oxygen effect (MotTTRAM, 1935; Thoday and 
Read, 1947) has been most widely studied. The effects of the presence 
and absence of oxygen on radiation damage have been variously 
explained as influencing the rejoining of radiation induced chromo- 
some breaks via ATP production (Worrr and Lurerorp, 1955). The 
oxygen effect has not yet been fully understood and the observations 
of CONGER and FarrcHiLD (1952) that oxygen alone is capable of 
inducing chromosomal aberrations, have added to the confusion in 
understanding the oxygen effect on chromosome restitution. WorFF 
and LurePorp (1955) have pointed out that the level of oxygen governs 
in part the frequency of breakage and in part the frequency of re- 
_joining. The rejoining process is, according to this hypothesis a system 

requiring energy (usually provided by oxidative phosphorylation) 
“ for its action but it is much less damaged during radiation in the ab- 

sence of oxygen than in its presence. The presence of oxygen, it follows, 
during radiation results in a high breakage frequency and more 
damage to the rejoining process, but the actual act of rejoining 
following breakage requires energy and therefore, oxygen. If this 
hypothesis is correct, then availability of extra oxygen immediately 
_ following radiation should promote rapid rejoining of the broken ends 
of the chromosomes and this will have important applications in 
bringing about recovery from radiation damage (HOLLAENDER éf. 
Bal. 1958). 
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According to one of the earlier hypotheses, the chromosome itself 
requires energy in order to maintain its integrity. Lack of energy 
would result in fragmentation of chromosomes to some extent. The 
energy requirements at various loci may differ from each other and 
may result in a localised chromosome breakage depending on the 
sensitivity of different loci. 

An alternate hypothesis put forth by Merz (1959) assumes that 
below a threshold of energy, all bonds requiring energy would break, 
resulting in many fragments in all affected cells. There is no clear 
evidence of any localisation of chromosomal damage and the breaks 
have been observed to occur at random in areas known to be hetero- 
chromatic as well as euchromatic. Another hypothesis put forth by 
STEFFENSEN (1955) supposes that bivalent cations like Ca and Mg are 
involved with complexing and binding of chromosomal nucleoprotein 
and are thereby responsible for a part of the chromosome’s structural 
constitution. STEFFENSEN in a series of papers 1953, 1955, 
1956 and 1957) has reported that ionic depletion increases the chromo- 
some sensitivity of the plants to X-rays. Plants grown on suboptimal 
calcium showed a significant increase in the occurrence of interchanges 
and interstitial deletions. Mazia (1954) has shown that chelating agents 
like versene (EDTA) remove Ca from the cells and induce chromosome 
breakage: LEVINE (1955) observed an increase in crossing over after 
feeding Drosoplmla larvae with EDTA. Various other authors have 
also presented evidence that a versene -induced decrease in Mg and 
Cais associated with an increase in crossing over (EVERSOLE and TATUM, 
1956; Hype and Parrwar, 1958). Recently, however, STEFFENSEN 
(1957) has suggested that the effect of EDTA on chromosomes 
may be concerned not with Ca or Mg but with heavier metals, par- 
ticularly Zn. 

The theory of rapid restitution or reunion following breakage has 
been questioned by LANE (1951) who used fractionated doses of X- 
rays. CALDECOTT and SMITH (1952) found some evidence of delayed 
reunion in barley. According to Worrr (1957) the breaks that remain 
open are the breaks of covalent bonds. Worrr et al. (1958) exposed 
soaked seeds of Vicia faba to fractionated doses of X-rays or X-rays 
and fast neutrons. They observed that the radiation induced breaks 
from the two-X-ray doses could rejoin with one another to form 
exchanges in proportion to the square of the total dose. If, however, 
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one dose was X-rays and the second neutrons, then no interaction 
occurred between the breaks induced by each of the doses and the 
aberration yield was simply the sum of that induced by each fraction. 
During the present study, it was observed that during mitosis fewer 
interchanges and other two-hit aberrations occurred in neutron 
treated material than in those treated with X-rays. However, in 


_ meiotic preparations several quadrivalents were found in neutron 
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treated material. This would suggest that the breaks may remain open 
for sometime and that delayed reunion may occur. However, further 
experiments would be needed before it can be said with certainty 
that neutron-induced breaks remain open for a longer time than the 
X-ray induced ones. 

Delayed reunions have been reported by many authors (MULLER, 
1940 in X-rayed Drosophila sperm, MATSUURA and HAGA, 1950 in 
X-rayed pollen mother cells of Zrillium and SWAMINATHAN and 
NATARAJAN 1959, in oil-treated wheat and barley). The duration for 
which the breaks remain open may vary with the type of organism 
and also depends on the stage of nuclear activity (KAUFMANN, 1951). 
WorrrF and LureProrp (1955, 1956) have shown that there are two 
types of chromosome breaks viz., some which may stay open for 15 
minutes or more and require energy for rejoining and others which 
will stay open only for 2 or 3 minutes and they seem to reconstitute 
or recombine ‘spontaneously’, i.e, they do not require energy in the 
rejoining system. 

3. Chromatid breaks: Chromatid aberrations were only rarely met 
with during the present study. This is probably because dry, dormant 
seeds were mostly used for irradiation. The study of chromatid breaks 
and exchanges has assumed much interest recently since REVELL 
(1955) has pointed out the inadequacies of the hypothesis of CATCHE- 
SIDE, LEA and THopavy (1946) regarding the mechanism of occurrence 
of chromatid exchanges. Reverr (1955) has proposed that exchanges 
only occur between chromatids at points at which they lie in contact, 
in order to account for his observations on the aberrations induced 
in Vicia chromosomes by diepoxide. Such a hypothesis had been 


E advanced many years ago to explain the production of exchanges 
_ by ionizing radiation but the alternate hypothesis that exchanges 
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_ arise by union between chromosome ends which result from inde- 


pendently produced breaks was adopted in preference to the “contact 
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first” hypothesis when it was shown that exchanges resulting from 
the irradiation of Drosophila sperm increase as the 3/2 power of the 
dose. Subsequent studies with Tradescantia, Vicia and many other 
materials have always yielded the result that exchanges induced by 
X- and gamma rays increase more rapidly than the first power of the 
dose and often as the square of the dose. 

As SwWANSON (1955) has pointed out, the two hypotheses do not 
differ greatly in one respect, for LEA and CATCHESIDE, in developing 
quantitatively the generally accepted view of interchange formation, 
have assumed that in Tradescantia exchanges rarely take place 
between breaks which are more than l micron apart at the time of 
their formation. It becomes a rather fine point to distinguish between 
this and actual contact. There is, however, an important difference 
in that while the usually accepted hypothesis supposes that a chro- 
mosome may be broken anywhere along its length, Revell assumes 
that breakage is secondary to exchange and can only occur at places 
at which chromatids are already in contact. The quantitative aspects 
of the dose-exchange frequency relations observed with different 
types of radiation render it difficult to account for the high efficiency 
with which radiations like a«-particles produce aberrations, if the 
induction of aberrations is restricted to occasions on which a particle 
passes through or in the immediate vicinity of a region in which two 
chromatid threads are lying in contact. However, Revrrr’s (1955) 
ideas are bound to lead to a critical re-examination of the ionizing 
radiation data. 

4, Uncondensed chromosomes: A characteristic feature of mitosis 
in the root-tip cells of X-ray treated 7. monococcum, T. dicoccum and 
T. aestivum was the occurrence of uncondensed chromosomes at meta- 
phase (BHASKARAN and SWAMINATHAN, 1960, plate, Figs. 13 and 14). 
The number of uncondensed chromosomes varied from 1 to 4 in a 
cell. Non-synchronisation in the condensation of some of the chromo- 
somes in a complement is evidently responsible for their occurrence. 
The uncondensed chromosomes in all the cases studied were feulgen 
positive. Such non-synchronized development of chromosomes in 
metaphase have been recorded by many authors. JAIN (1957, 1958) 
has reported the occurrence of nonsynchronized condensation in 
meiosis in Lolium following heat treatment and in hexaploid wheat - 
treated with X-rays (10,000 r). JArN (1958) attributed this failure in 
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the condensation of some chromosomes in a complement to the re- 
moval of the nucleolar organizing region by breakage. During the 
present study, it was not possible to identify in every case the chromo- 
some or chromosomes that lag in the condensation process. But it was 
clear from some cells that even when the nucleolar organizing chromo- 
somes are intact in the complement, a few chromosomes had a retarded 


condensation cycle. The number of satellited chromosomes in 2x, 


4x and 6x wheats used in the present investigation are 4, 4 and 6 
respectively. In the C. 591 variety of hexaploid wheat, one of the 
pairs possessed a double constriction (BHADURI and NATARAJAN, 
1956). It was further seen that the number of uncondensed chromo- 
somes were not always in pairs and that their number varied from 1 
to 4 in a cell. Par and SWAMINATHAN (1959) have reported the presence 
of uncondensed chromosomes in some microsporocytes of a nulli- 
haploid of 7. aestivum (var. N.P. 798). They found that the satellited 
chromosomes were intact in the cells in which uncondensed chromo- 
somes also occurred. From the present investigation and from the 
observations of PAr and SWAMINATHAN (1959) it appears that the 
retardation in condensation of some of the chromosomes in a comple- 
ment need not always be correlated with the inactivation or deletion 
of the nucleolar organizers. JAIN (1958) has reported that the un- 
condensed chromosomes showed poor stainability with carmine and 
Feulgen stains. He, therefore, inferred that there is less DNA in such 
chromosomes, thus affecting the condensation process. It seems more 
likely that the differential staining is itself the result of the difference 
in the state of condensation. Quantitative measurements of the DNA 
content in individual chromosomes will be necessary before conclusions 
such as those drawn by JAIN (1958) are arrived at. 

ANDERSON (1956) in an illuminating discussion of problems relating 
to cell division and chromosomal condensation has suggested that 
most probably condensation of chromosomes is produced by poly- 
valent cations such as those which constrain the DNA in the nucleus 
namely, histones, protamines and similar basic substances. The 


_ volume occupied by chromatin material is thought to be controlled by 
competition between acidic and basic proteins or other polycations 


4 
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for sites on the nucleohistone. When the balance between these com- 
peting substances is shifted slightly in favour of the polycations, the 
DNA chains may then coil with more of the surface of the DNA and 
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histone molecules becoming available for mutual association. The net 
result would be a loss from the chromatin of a large part of the protein 
associated with it in the interphase nucleus and a decrease in volume. 
CASPERSSON's (1950) finding that the most marked change occurring 
during prophase is a decrease in the amount of protein in the nucleus 
supports the above hypothesis. It is possible that a radiation induced 
change in the polycationic balance is responsible for the condensation 
abnormalities seen in the cells of irradiated plants. Even if this is so, 
the question would arise as to why only a few chromosomes in the 
complement are affected while others behave normally. It could not 
be ascertained from morphological observations whether the chromo- 
somes with an altered condensation cycle occurring in different cells 
of a tissue are the same. However, there are instances where non- 
randomness in the response shown by different chromosomes of a 
complement under abnormal cellular conditions has been demon- 
strated (SWAMINATHAN and Murry, 1959) and differential conden- 
sation behaviour within a complement is hence not inexplicable. 
What seems to be incorrect is the attempt to correlate condensation 
differences solely with the inactivation of the nucleolar organisers. 
Though a lag in condensation phenomenon and the inability to syn- 
thesise nucleolar material may occasionally occur as coincident 
events as shown by JAIN (1957), the fact that condensation abnor- 
malities do occur without aberrations in nucleolar synthesis clearly 
shows that it will be futile to attempt to establish a definite cause and 
effect relationship between the two. 

S. Interchanges induced by iomizing radiations. The oecurrence of 
multivalents at meiosis in wheat and barley plants irradiated with 
X-rays, thermal neutrons and fast neutrons provided data for esti- 
mating the frequency of segmental interchanges induced by these 
radiations. Multivalents occurred in 6x and 4x wheat and 2x and 4x 
barley. The maximum association observed was an octavalent which 
occurred in 6x wheat treated with thermal neutrons and 4x barley 
treated with fast neutrons. Reciprocal translocations among non- 
homologous chromosomes have been reported by many authors 
in wheat and barley (review by BURNHAM, 1956, KATAYAMA, 
1935; SMITH, 1936, 1939; THOMPSON and THOMPSON, 1937; 
KrHARA, 1942; MATSUMURA, 1946; YAMASHITA, 1947, 1951; 
CALDECOTT, 1955; BURNHAM and HAGBERG, 1956 and NATARAJAN, 
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1958). The number of interchanges and thus the mean number of 
multivalents per cell increased with an increase in the fast neutron 
dosage both in 4x and 6x wheats. In 2x barley treated with fast 
neutrons for 6 hours a single quadrivalent was found in 2 out of 65 
cells analysed. Lower dosages of fast neutrons did not yield any de- 
tectable interchange. There was a reduction in the frequency of multi- 
valents in 4x barley irradiated with fast neutrons and in view of the 
bearing of this observation on the question of diploidizing an auto- 
tetraploid, the data are discussed separately. 

6. Multivalent frequency and seed fertility in control and irradiated 
autotetraploid barley. The material of autotetraploid barley included 
in the radiation experiments offered scope for evaluating the effect 
of the given radiation doses on the frequency of multivalents and seed 
fertility in the tetraploid plants. Seed setting in tetraploid barley is 
only 50 to 60 percent of that found in the parent diploid strain and 
this sterility has been a great handicap in the evolution of a tetraploid 
variety suitable for commercial cultivation (MÜNTzING, 1951, 1956). 
It has recently been suggested by several workers (cf. STEBBINS, 
1956; Mac Key, 1956) that attempts should be made to explore the 
possibility of increasing preferential pairing in the tetraploid by means 
of induced structural alterations of the chromosomes. STEBBINS (1956) 
has verified the practicability of this procedure in the genus Dactylis. 
According to Mac Key (1956) such work is in progress in Sweden in 
red clover, vetches and barley. There are two possible experimental 
approaches to this problem. First, the reorganisation of the chromo- 
some segments can be done at the diploid level and a plant with 
several segmental interchanges can be used for chromosome doubling. 
Secondly, the irradiation can be done at the tetraploid level, which 
may have the advantage, as pointed out by Mac Key (1956), that a 
higher frequency of chromosomal changes is usually tolerated at the 
tetraploid level than at the diploid. Until critical experiments are 
carried out to find out the advantages and disadvantages of these 
two methods, it is difficult to say which way is better. 

The data collected during the present study on multivalent frequen- 
cy and seed fertility in control and irradiated gren barley 
are summarised below. 
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| Mean number of Mean number of 
9 Mean pollen ' 
Material multivalents per eed ii seeds per 
fertility (%) 8 
cell + SE. | spikelet 
4x barley (control) 1.68 + 0.20 73.8 1.84 
‚‚ fast neutrons 
(3 hours) 1.40 + 0.19 76.3 eZ 
‚ fast neutrons 1.43 +013 58:9 RIO) 
(5 hours) 
‚ fast neutrons 1.29 + 0.17 59.8 MS), 
(6 hours) 


The difference in the frequency of multivalents between the control 
plants and those irradiated with fast neutrons for 6 hours is statisti- 
cally significant. Thus, it does seem feasible to bring about a lowering 
in the multivalent frequency artificially. On the other hand, octa- 
valents were observed in fast neutron treated 4x barley (BHASKARAN 
and SWAMINATHAN, 1960, plate, Fig. 20). The fact that seed fertility 
does not show a corresponding increase in the irradiated plants sug- 
gests that other forms of structural changes such as small deletions 
may also have occurred. Also, in most studies on the relationship 
between multivalent frequency and seed fertility in autopolyploids, 
no direct correlation has been found. CALDECOTT (1956) has suggested 
that it may be possible to increase the interchange frequency in an 
autopolyploid by irradiating the material successively for some years. 
When this is followed by rigorous selection for fertility, it may be 
possible to convert the autopolyploid into a segmental allopolyploid. 
Wherever possible, irradiation of diploids and subsequent chromo- 
some doubling should also be attempted since chances for the oc- 
currence of higher configurations like octavalents will then be more 
limited. 

The problem of diploidization of an autopolyploid is of great 
interest from the evolutionary point of view also. MÜNTzZING and 
PRAKKEN (1942) recorded many years ago a genotypically controlled 
tendency to form only bivalents in an autopolyploid in the genus 
Phleum. They hence suggested that the absence of multivalents in a 
polyploid plant should not be considered as the only evidence for 
treating it as an allopolyploid. Later, Girres and RANDOLPH (1951) 
observed that during a period of ten years a significant lowering in 
multivalent frequency occurred in an autotetraploid strain of maize. 


da on kde maikaielhh. 
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A similar reduction in multivalent frequency was found by SwAMI- 
NATHAN and SULBHA (1959) when they studied the frequency of 
multivalents occurring in autotetraploid plants of Brassica campestris 
var. foria belonging to C1, Ca, C17, C1g and Cio generations. The exact 
mechanism by which such a reduction is brought about is not clear. 
It is unlikely that the large number of chromosome structural changes 
that will be needed to bring about such a shift in the mode of synapsis 
can occur in such a short time spontaneously. SWAMINATHAN and 
SULBHA (1959) found that the lowering in the frequency of multi- 
valents in the C17, C1g and Cj9 generations of autotetraploid B. c. toria 
has taken place coincident with a vastly improved seed fertility 
brought about by the adoption of the mass pedigree system of se- 
lection suggested by HARLAND (PARTHASARATHY and RAJAN, 1953). 
Thus, it appears that the relationship between these two events may 
not be wholly casual and that they are both probably controlled by 
similar factors. More data will, however, be needed before definite 
conclusions can be drawn. Nevertheless, it is of great interest that 
recently RILEY and CHAPMAN (1958) and SEARS and OKAMOTO (1958) 
have independently found a gene system responsible for the cytologi- 
cally diploid behaviour of bread wheat (Triticum aestivum L.) inspite 
of the fair amount of segmental homology and genetic homoeology 
known to exist among the 3 component genomes of this important 
crop plant. If the conclusion of these authors that a single gene or a 
group of closely linked genes situated on chromosome V of bread 
wheat (SEARS and OKAMOTO, 1958; RirEey and CHAPMAN have not 
yet identified the chromosome of the variety Holdfast in which they 
found this gene system, in relation to the Chinese Spring chromosomes) 
restricts pairing to wholly homologous chromosomes thus making 
this auto-allopolyploid to behave as a genomic allopolyploid, is found 
to be correct by subsequent research, it will revolutionise our thinking 
concerning the role of autopolyploidy in the evolution of crop plants. 
It will also raise hopes in the minds of workers engaged in breeding 
with autopolyploids that gene mutations either of an induced or 
spontaneous nature can probably be isolated which will invest the 
autopolyploid with the cytological features of a diploid. 

7. Chromosome mosaics. Chromosome mosaics i.e. cells with different 


_chromosome numbers occurring in the same tissue, have been found 


to be common in colchicine treated plants (VAARAMA, 1949) and in 
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interspecific hybrids (SAcHs, 1952). VAARAMA (1949) attributed the 
occurrence of chromosome mosaics to the action of colchicine while 
SAcHs (1952) suggested that they may be genetically controlled. In 
the course of the present investigation on the cytological effects of 
radiations on wheat, it was found that in grass clumps, occurring in 
M; and M2 generations, different microsporocytes of an anther had 
different chromosome numbers. Their occurrence should be the result 
of irregularities during premeiotic mitosis. Such mosaics have been 
found by many workers in material not treated with colchicine e.g., 
HOLLINGSHEAD (1932) and Love (1938) in Triticwm hybrids; KATTER- 
MAN (1933) in a Zviticale strain; BRITTON and Hurr (1957) in the 
somatic cells of Rubus; SHARMA (1956) in several vegetatively propa- 
gated plants and SWAMINATHAN and NATARAJAN (1959) in bread 
wheat treated with mustard and groundnut oils. Hence it is clear 
that chromosome mosaics are not confined only to the colchicine 
treated tissues but also arise both spontaneously and in treatments 
with different mutagens. 

The fact that certain gene combinations can cause split spindles 
has been established both for mitosis and meiosis. The occurrence of 
cells with reduced chromosome numbers at meiosis in one strain of 
autotetraploid rye (O'MARA, 1942) and the absence of such cells in 
another strain of autotetraploid rye (MÜNTziNG, 1951) would also 
suggest that genetic factors control such abnormalities. VAARAMA’s 
(1949) suggestion that colchicine may induce permanent spindle ab- 
normalities has been questioned by SacHs (1952), since such abnor- 
malities occur also in plants not treated with colchicine. From the 
data of BRITTON and Hurr (1957) it is also seen that the abnormality 
could be transmitted to the progeny both by the male and female 
gametes. Thus, it appears that the effect may not be wholly cyto- 
plasmic in origin. From a survey of literature, it is also seen that 
chromosome mosaic formation occurs in a wide range of plants sub- 
jected to colchichine treatment, which suggests that colchicine may 
also be a factor in the origin of genetic abnormalities in the spindle. 
Recently, some workers (DAvIDSON, 1957; FRANZKE and Ross, 1957) 
have reported mutations in the progenies of colchicine treated 
Sorghum plants. It is also significant that D'AMATO and GUSTAFSSON 
(1948) and GUsTAFssoN and NyBoMm (1949) found that treatment 
with colchicine solution previous to irradiation caused in barley the 
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origin of rare mutations and mutation types which do not readily ap- 
pear in X-ray experiments involving dry and dormant seeds. The 
exact part played by colchicine on hereditary material is not very 
clear. It is possible that radiations may act on the spindle in a similar 
way as other C-mitotic agents thus giving rise to chromosome mosaic 
cells. 


B. Validity of cytophotometric technique. 

The comparative newness of the research in the field of biochemical 
cytology renders controversies on many problems inevitable. For a 
sound quantitative approach to the study of cell chemistry adequate 
techniques of analysis at the cellular level are essential and one of the 
versatile techniques developed for such a study is microspectrophoto- 
metry using the visible light (Ris and PorristTEr, 1947). This tech- 
nique is now used widely for the study of nucleoproteins and much of 
the basis for modern quantitative cytology depends upon the validity 
of these techniques. 

Excellent reviews on the instrumentation of the microspectrophoto- 
meter and the sources of error encountered therein are available 
(SwirT 1950, 1953 and 1955; ORNSTEIN 1952 and PorLISTER and 
ORNSTEIN 1955). Cytophotometric methods using the visible light are 
simpler in principle when compared with CASPERSSON's (1936, 1950 
and 1957) ultramicrospectrographic technique and yet the possible 
sources of error are numerous. Some of the major errors encountered 
in this technique are nonspecific light loss, distributional errors, 
linearity of the phototube to light intensity etc. Nonspecific light loss 
(CASPERSSON, 1950) is due to the scattering of light outside the aper- 
ture of the objective by particles with a refractive index different 
from that of the surrounding media. In the visible region, unlike the 
ultraviolet, nonspecific light loss can be quite easily and effectively 
eliminated by mounting the preparations in a medium that has 
nearly the same refractive index and dispersion as the unstained 
tissue. When the refractive index of the uncoloured specimen has 
been matched by a mounting medium, that same medium will usually 
be adequate to keep the specific scattering losses to a negligible level 
(ORNSTEIN, 1952; SCOTT, 1952). 

Distributional error arises from the non-uniform distribution of 
chromophore and in cytophotometry it is of great importance. The 
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absorption laws as normally used in absorption spectrophotometry 
are applicable to a homogenous absorbing lamina which is perpen- 
dicular to a parallel beam of “monochromatic “radiation. Very few 
objects of cytological interest are homogeneous when viewed through 
the microscope. When nuclei are homogeneous, the extinction of a 
small central cylinder or “plug’’ divided by the diameter of the 
sphere will give an accurate measure of the concentration of chromo- 
phore. When the concentration is multiplied by the volume of the 
nucleus, a direct measure of the total nuclear chromophore content 
is arrived at. However, such a method has got limited applications 
and there are many cytological objects for which such an approach 
is useless e.g. nuclei in mitosis and meiosis, where the minimum re- 
quirement for the validity of Beer-Lambert's law does not fit. The 
technique which is applicable to an object irrespective of its geometry 
Le, size and shape is the two-wave-length method independently 
developed by PArAU (1952) and ORNSTEIN (1952) since it eliminates 
the distributional error. PATAU (1952) and ORNSTEIN (1952) have 
discussed in detail the advantages of this method over the conventional 
“plug’” method and they conclude that with certain precautions it 
should practically always be possible to keep the sum of the distribu- 
tional, the stray light and other errors much below 4%. Other errors 
of some consequence affecting the determination of the dye content 
are instrumental errors like insufficient spectral purity, non-uniform 
illumination of the microscopic field, non-uniform sensitivity of the 
phototube and non-linearity of its response. In the microspectro- 
photometer constructed by us a monochromator was used instead of 
spectral filters to reduce the spectral impurity. To achieve a uniform 
illumination of the field, Koehler illumination was employed with the 
exit slit as the light source. The non-uniform sensitivity was rendered 
harmless by a lens system which projected the rear aperture of the 
microscope objective on to the photosensitive layer. The photo- 
multiplier (RCA 931 A) used in the present study was found to be 
linear in its response to the light flux. Thus, in the present study par- 
ticular attention was paid to eliminate or keep to fs minimum al- 
most all the possible sources of error. 

Feulgen reaction. Under certain carefully controlled conditions, acid 
and basic dyes have been shown to be absorbed in association with 
available groups of opposite charge in proteins and nucleic acids. The 
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Feulgen reaction has been shown to give an accurate indication of the 
amount of DNA in nuclei. Although the Feulgen reaction is probably 
the most widely used of cytochemical reactions, the mechanism of 
its action is still not very well understood. The literature on Feulgen 
reaction has been reviewed by Dr STEFANO (1948), LuMB (1950), 
LESSLER (1953), SwiFT (1955), Woops (1957) and HIRAOKA (1957). The 
question arises whether the Feulgen reaction could be used with 
confidence for quantitative estimation of DNA in individual cells. 
According to OVEREND and STACEY (1949) fuchsin — SOs links with 
hydrolysed nucleic acid through sugar aldehyde groups. The in situ 
removal of purines from the DNA would account for the liberation 
of aldehydes and in the Feulgen reaction would explain the formation 
of a red coloured product in the nucleus. D1 STEFANO (1948) was the 
first to attempt a quantitative study of the relationship between 
Feulgen stain and DNA in tissue preparations and he concluded that 
the maximum amount of Feulgen stain was proportional to the total 
DNA. Rrs and Mirsky (1949) comparing the amounts of DNA per 
nucleus, as determined biochemically, with amounts of Feulgen stain 
determined through microphotometric measurements found that the 
intensity of Feulgen staining was proportional to the average amount 
of DNA per nucleus. Similar studies were performed by LEUCHTEN- 
BERGER, VENDRELY and VENDRELY (1951) who arrived at the same 
conclusion. Microphotometric studies made on polyploid nuclei in 
various organisms (e.g. Ris and MirsKy 1949 in rat liver; SWIFT, 
1950 in corn endosperm and BHASKARAN and SWAMINATHAN, 1958 
in leguminous nodule cells) showed that the amount of Feulgen stain 
per nucleus corresponded closely with the chromosome number. In 
the present study, it was observed that the amount of DNA in auto- 
tetraploid barley was twice the amount occurring in diploid barley 
and also the amount of DNA in microspores was half of that found 
in the resting nuclei of somatic tissue. In 2x, 4x and 6x wheats also, 
there is a good correspondence between the DNA content as measured 
in Feulgen stained nuclei and the total chromatin length (See 
BHASKARAN and SWAMINATHAN, 1960, p. 470, table 19). The quanti- 
tative relationship of Feulgen stain to DNA in mitosis and meiosis 
was extensively studied and little deviation has been observed 
from the expected amóunts as predicted from changes in chromosome 
number (Swart, 1950; DUNCAN and Woops, 1953; TAYLOR and Mc 
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MASTER, 1954; and Moses and Tayror, 1955). The fact that Feulgen 
intensity varies directly with the thickness of the absorbing layer 
(Lambert’s law) has been shown for several tissues by Swirr (1950), 
Hoover and THOMAS (1951) and Moses (1952). HIRAOKA (1957) em- 
ploying an extraction method for the quantitative determination of 
the fuchsin contained in a Feulgen-stained nucleoprotein sample found 
that a linear relationship exists between the amount of fuchsin ex- 
tracted and the DNA content and that this relationship is maintained 
over a wide range of DNA concentration. Woops (1957) using a 
chromatographic technique to analyse the acid hydrolysate for thy- 
mine found a quantitative relationship between the time of hydrolysis 
and the amount of thymine and he concluded that the Feulgen method 
as a means of determining relative amounts of DNA in nuclei is quite 
dependable. From a survey of the literature and from the present 
studies on DNA content in polyploid series and in the dividing nuclei 
(mitosis and meiosis) there is little doubt that the amount or intensity 
of Feulgen dye can be used as a valid measure of the amount of DNA 
per nucleus. 


C. Relationsmp between metaphase chromosome length and DNA content. 


The chromosome numbers of diploid, tetraploid and hexaploid 
wheats are 2n — 14, 28 and 42 respectively and they belong to an 
allopolyploid series with a basic chromosome number 7. Since different 
genomes are involved in the evolution of an allopolyploid series, it is 
obvious that there may be no strict proportionality between chromo- 
some number and the total length of the chromosome complement. 
That this is so in Triticum species was found by MARSHAK and BRAD- 
LEY (1944) who measured the total chromosome length in 7. mono- 
coccum, T. dicoceceum and T. aestivum in order to find out whether there 
is any correlation between chromosome length and X-ray induced 
mitotic inhibition. They observed that the total chromosome length 
in 7. aestivum is not 3 times that of T. monococcwm as would be sug- 
gested by considerations of chromosome number alone but is only 
twice as great. The measurements carried out by SwAMINATHAN and 
NATARAJAN (1957) and during the present study are also in accord 
with the finding of MARSHAK and BRADLEY (1944). But, as pointed 
out by STEBBINS (1957) the results regarding chromosome lengths 
may be affected by differential contraction of the chromosomes 
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between resting stage and metaphase. A doubt hence arises about the 
validity of comparing the chromosomal radiosensitivity of the differ- 
ent species on the basis of metaphase chromosome lengths. During 
the present study, the DNA content of nuclei of 2x, 4x and 6x wheats 
had been measured by the cytophotometric technique and therefore 
the ratios of chromosome lengths and DNA content could be compared 
(see BHASKARAN and SWAMINATHAN, 1960, p. 470, Table 19). 

The total lengths of the chromosome complements of diploid, tetra- 
ploid and hexaploid wheats were 172.2, 282.0 and 353. ly respectively, 
the ratio being 1: 1.6: 2.05. The corresponding DNA content ratio 
was 1: 1.45: 1.92 which fairly approximates to the total chromatin 
length of the respective wheats. This close relationship between the 
total chromatin length and the DNA content shows that the DNA 
content per unit length of chromosome in wheats is constant. The 
DNA value does not increase in the same order as the number of 
chromosomes, but is directly proportional to the chromatin length. 
This finding thus suggests that the metaphase chromosome length 
can be used with confidence for calculating the total chromosome 
length of the complement. 

Studies of chromosome structure with the electron microscope have 
revealed that the chromosome is subdivided into strands of macro- 
molecular dimensions (approximately 125 Á thick) which are below 
the resolution of the light microscope (KAUFMANN, 1948, 1957 ; KAUF- 
MANN and De, 1956; Ris 1955 and 1956). Ris (1957) has suggested 
that these strands or ‘chromosome fibrils’, as he calls them, represent 
the basic morphological units of the chromosome. Variation in the 
number of sub-units in chromosome may explain the great variations 
in DNA content of diploid nuclei (MirsKy and Ris 1951). The average 
size of the nuclei and the DNA content of the diploid nucleus increase 
in the same series. If the structural unit in these chromosomes is the 
same, then we must assume a greater number of sub-units in the 
thicker bundle. SCHRADER and HUGHES-SCHRADER (1956) have reached. 
similar conclusions in a study of the chromosome number and DNA 
content of chromosomes in the genus Thyanta. There is evidence that 
the number of chromosome fibrils vary in different organisms and it 
seems that this is one of the factors determining the variation of DNA 
content of chromosomes of different plant and animal species (Ris 


1957). 


20 S. BHASKARAN AND M. S. SWAMINATHAN 


From the fact that the DNA content in the wheat species is directly 
proportional to the ratio of the total chromatin length it may be 
inferred that the chromosomes of the three species of wheat have the 
same number of elementary units or fibrils. This gives further confi- 
dence to the use of chromosome tength as an index of total chromatin 
content in this material. 


D. Effect of irradiation on DNA content in cells and tissues. 

There is a good deal of interest at present in the action of radiations 
on living systems and their components, but the biochemical mecha- 
nisms underlying the radiation effects are still far from clear. lonizing 
radiations cause a chain of reactions in a cell and it is difficult to 
interpret all these reactions at present, because of the complexity 
of the systems involved. Thus, after whole-body irradiation it is 
known that changes are produced which affect the fat and carbo- 
hydrate metabolism, protein and nucleic acid (DNA and RNA) synthe- 
sis, ascorbic acid content and a host of enzymatic activities. Further, 
the radiation effects are modified by environmental factors like the 
presence or absence of oxygen, temperature, moisture content etc. 
and hence there is much confusion in distinguishing between cause 
and effect in such studies. Many reviews have appeared recently 
on the biochemical effects of ionizing radiations (GRAY, 1956; HEVE- 
sy, 1956a and 1956b; HOLMEs, 1957; Powers, 1957, BUTLER, 1956) 
and we have cited only the results on the effect of radiation on 
DNA synthesis. 

Much of the work on the radiation effects on nucleic acids has been 
carried out in microorganisms and animal tissues. Very little infor- 
mation is available on the effect of irradiation on DNA and RNA 
synthesis in higher plants. Also, much of the work relate to the changes 
in the DNA content in a given tissue and very few studies have been 
conducted on DNA synthesis at the cellular level following irradiation. 

Many authors have pointed out the depressing effect of irradiation 
on DNA synthesis. HowARrD and Perc (1952) working on bean- 
root cell, reported that the process of DNA synthesis is not affected 
by small doses of radiations. Kerry (1954), Kerry et. al. (1955), 
HorMEs (1956) and CAFER et. al. (1956) working with regenerating 
rat lrver found that, once DNA synthesis starts large doses of radiation 
are necessary to produce a partial inhibition; small doses given before 
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commencement of DNA synthesis produce a delay of the onset of 
DNA synthesis, although not necessarily affecting its rate. Similar 
observations on human bone marrow cells were made by LAJTHA ef 
al. (1958b). 

PAIGEN and KAUFMANN (1953) found fluctuations in the levels of 
DNA and RNA in rat liver following irradiation. However, KAur- 
MANN ef al. (1951) did not find similar changes in onion root tip cells. 
Irradiation caused some dissociation of the nucleoproteins as evi- 
denced by modifications of stainability of cells of the exposed tissues 
with the acidic dye fast green and basic dye pyronin. 

LAJTHA ef al. (1958b) found a decreased rate of DNA synthesis per 
cell in human bone marrow after 2000 rads of X-ray irradiation. 
Sodium formate labelled with carbon-14 was added to the culture 
medium and the synthesis of DNA was measured by the average 
grain count per labelled cell. From these studies they concluded that 
the number of cells entering into division remained the same as in 
the controls, but synthesis of DNA proceeds at a reduced rate, indi- 
cating that sub-cellular targets are involved. Perc and HOWARD 
(1955) found that doses of X-rays (50 r to 200 r) had the effect of 
reducing the number of cells synthesising DNA to 60% of the normal 
and interpreted this as meaning that changes in the rate of synthesis 
are actually caused by radiation-induced alterations in the cell popu- 
ation. Cytochemical data collected during the present investigation 
on the effect of X-rays and thermal neutrons on DNA content in 
diploid, tetraploid and hexaploid wheats reveal a reduction in the 
DNA content per cell in the fixations made immediately after irradi- 
ation and there appears to be a recovery in DNA synthesis at later 
stages of analysis. Similar observations were made in the case of 
diploid and tetraploid barley. The irradiations were done at the pre- 
synthetic period, i.e, dry seeds were exposed to radiation sources. 
No clear explanation can be given as to the mechanism of radiation 
damage, with the data in hand. But the hypotheses of LAJTHA et al. 
(1958 aandb) and of ORD and STOCKEN (1958) may explain the ob- 
served radiation effect on DNA synthesis. According to LAJTHA ef al. 
(1958b) DNA synthesis depends on two components Sj and Sa. The 
Sj component represents the part of the biochemical mechanism of 
precursor synthesis and the Sz component represents the integrity 
of DNA template. Radiation damage in Se may lead to the breaking 
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of the DNA double helix thus inactivating the site at which it is 
broken. Such a unit may be a part or whole of a chromosome. If enough 
parts of chromosomes are rendered incapable of synthesis of DNA 
then the cell will synthesise less DNA per unit time and less than the 
full diploid amount of DNA per synthetic period. S, damage will 
involve an enzyme or liberation of inhibitory substances which would 
result in a failure of precursor uptake into DNA (ORD and STOCKEN, 
1958). ORD and STOCKEN (1958) suggest that this process which in- 
volves inhibition of nuclear phosphorylation may contribute to the 
radiosusceptibility of the presynthetic period. They further observe 
that differences in radiosensitivity between dividing cells, may be 
attributed to the part which the cytoplasm, and in particular the 
mitochondria, play in restoring or bypassing damage to nucleus. It 
appears that the rate of DNA synthesis in the cell depends on more 
than one factor. Until all these are elucidated it is difficult to interpret 
radiation effects in biochemical terms. 

Studies on DNA content in tissues after irradiation with ultraviolet, 
infrared and combination treatments of UV + X-rays and IR + X- 
rays are lacking. In microorganisms it is known that ultraviolet ir- 
radiation stops or inhibits DNA synthesis and the growth of the or- 
ganisms is affected (SuBorTIc and KANAZIR, 1956 in Salmonella 
tybhimurium; DEERING and SETLOW, 1957 and IVERSON and GIESE, 
1957 in E. colt). In the present study, UV and IR did not alter the 
content of DNA in 7. aestivwm and the growth of plants appeared to 
be quite normal. However, when X-ray treatment is given following 
ultraviolet or infrared pretreatment it was found that the DNA 
synthesis was affected more than in the cases where X-rays alone 
were given. This increased susceptibility of DNA to X-rays after UV 
pretreatment, may be due to the greater vulnerability of the DNA 
molecule to X-ray damage or due to some such mechanisms as pro- 
posed by LAJTHA et al. (1958b) and ORD and STOCKEN (1958). UV and 
IR irradiation may leave the target in an excited state which may 
result in their being irreversibly affected by X-irradiation. 


II. SUMMARY 


1. The effect of polyploidy on sensitivity to a wide range of X-rays 
and Fast and Thermal neutrons was studied in diploid (Zriticum mo- 
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nococcum), tetraploid (7. dicoccum) and hexaploid (T. aestivum) wheat 
species and in diploid and colchicine-induced auto-tetraploid barley 
(Hordeum vulgare). Frequency of chromosomal aberrations per unit 
length of chromosome, chromosomal aberrations at meiosis and DNA 
synthesis were used as indices of radiation sensitivity. A microspectro- 
photometer constructed on the two-wave length principle was used 
to measure the DNA content of individual nuclei in root tip cells of 
control and irradiated plants. 

2. Chromosome length and DNA content in wheat species: The total 
lengths of the chromosome complements of 2x, 4x and 6x wheats were 
found in strictly comparable somatic metaphase preparations to be 
172.2, 282.0 and 353.1 microns respectively, the ratio being 1: 1.6: 
2.05. Since metaphase chromosome length data may get vitiated 
by differences in the extent of condensation occurring in the different 
species, DNA content of individual nuclei was measured at different 
stages and the ratio of DNA content in 2x, 4x and 6x wheats was found 
to be 1: 1.45: 1.92. Thus, there is a close correlation between the chro- 
mosome length and DNA content ratios thereby indicating that the 
metaphase chromosome length can be used with confidence for cal- 
culating the total chromosome length of the complement. Also, the 
fact that DNA content in the wheat species is directly proportional 
to the ratio of the total chromatin length indicates that the chromo- 
somes of these three species have first, a constant content of DNA 
per unit length and secondly, the same number of elementary 
chromosome fibrils. 

3. Chromosomal radiosensitivity: From the number of aberrations 
found per a unit length of chromosome in irradiated material, it was 
clear that (a) 2x and 4x barley had identical chromosomal radio- 
sensitivity both with X- and neutron radiation; (b) in 2x, 4x and 6x 
wheats, the number of chromosome breaks was not significantly 
different upto a dosage of 25,000 r of X-rays but at 30,000 r, 6x wheat 
had a slightly higher frequency of aberrations in comparison with 
the diploid, while 2x and 4x wheats showed no such difference and 
(c) in fast neutron treatments, 6x wheat had a significantly higher 
frequency of aberrations in comparison with 2x and 4x wheats. Thus, 
both the nature of ploidy and LET seem to affect the chromosomal 
aberration yield. Since the B and D genome chromosomes are ap- 
_parently smaller than those of the A genome (einkorn wheat) chromo- 
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somes and since small chromosome plants are usually more radio- 
resistant than large chromosome ones, the relatively high chromo- 
somal radiosensitivity of 6x wheat is surprising. 

At meiosis, there was an increase in multivalent frequency with an 
increase in dosage of fast neutrons in 4x and 6x wheats. In 2x barley, 
segmental interchange configurations occurred while in 4x barley, 
there was a decrease in the mean number of quadrivalents in com- 
parison with the control, though octavalents, which did not occur in 
the control, were present in the irradiated plants. 

4. DNA synthesis: Microspectrophotometric measurements of DNA 
content of nuclei in 2x and 4x barley irradiated with 11,000 r of X- 
rays showed that the percentage of reduction did not differ signifi- 
cantly in the two cases at all stages of analysis. With thermal neutrons, 
the percentage of reduction was much higher in 4x barley than in 2x 
barley. In wheat species, the greatest reduction in DNA content 
occurred in 6x wheat both with X- and thermal neutron radiation. 2x 
wheat was least affected and 4x wheat occupied an intermediate 
position. Thus, both the cytological and cytochemical data suggest 
that 6x wheat is more sensitive to higher doses of X-rays and to fast 
and thermal neutrons than the diploid and tetraploid. 


III. REFERENCES 


ALPER, T., 1956. Radiation Research 5: 573. (Quoted by Hormes; Biochemical 
effects of ionizing radiation. Ann. Rev. Nuclear Sci. 7: 89). 

ANDERSON, N. G., 1956. Cell Division: 1. A theoretical approach to the pri- 
meval mechanism, the initiation of cell division and chromosomal conden- 
sation. Quart. Rev. Biol. 37: 169-199. 

AUERBACH, C., 1958. Radiomimetic Substances. Radiation Research. 9: 33-47. 

BHADURI, P. N. and A. T. NATARATAN, 1956. The Punjab wheat C. 591, a chro- 
mosomal mutation. Ind. J. Genet. Pl. Breed. 16: 85-87. 

BHASKARAN, S. and M. S. SWAMINATHAN. 1958. Polyploidy and the genesis of 
the leguminous root nodule. Nucleus 7: 75-88. 

BHASKARAN, S. and M. S. SWAMINATHAN, 1960. Polyploidy and radiosensitivity 
in wheat and barley. 1. Cytological and cytochemical studies. Part I. Ge- 
netica, 31: 449-480. 

BriTToN, D. M. and J. W. Hurr, 1957. Mitotic instability in Rubus. J. Heredity 
48: 11-20. 


BURNHAM, C. R., 1956. Chromosomal interchanges in plants. Bot. Rev. Pe 
419-552. 


te 


POLYPLOIDY AND RADIOSENSITIVITY IN WHEAT AND BARLEY 25 


Burrer, J. A. V., 1956. The action of ionizing radiations on biological materials: 
Facts and theories. Rad. Research 4: 20-32. 
CAFER, D. E., D. E. Hormes and L. K. Mer, 1956. Cell division and nucleic 
acid synthesis in the regenerating liver of the rat. Acta Radiol. 46: 655-67. 
CALDECOTT, R. S., 1955. The effects of X-rays, 2-MEV electrons, thermal 
neutrons and fast neutrons on dormant seeds of barley. Ann. N.Y. Acad. 
Sci. 59: 514-535. 
CALDECOTT, R. S., 1956. Discussion following Mac Kevy's paper ‘Mutation 
breeding in Europe’ Brookhaven Symp. Biol. 9: 156. 
CarpEcoTT, R. S. and L. SmirH, 1952. A study of X-ray induced chromosomal 
aberrations in barley. Cytologia 17: 224-242. 
CARLSON, T. G. 1938. Effects of X-rays on neuroblast chromosomes of 
grasshopper. Genetics 23: 596. 
CASPERSSON, T., 1936. Über den Aufbau der Strukturen des Zellkernes. Skand. 
Arch. Physiol. 73: Suppl. 8: 1-151. 
CASPERSSON, T., 1950. Cell growth and cell function. W. W. Norton, New York, 
1950. 
CASPERSSON, T., 1957. Cytochemistry of nuclear elements. Conference on chro- 
mosomes. Published by W.E. J. Tjeenk Willink, Zwolle, the Netherlands. 
CATCHESIDE, D. G. 1948. Genetic effects of radiation. Advances in Genetics 2: 
271-358. 
CATCHESIDE, D. G., D. E. LEA and J. M. THopay, 1946. Types of chromosome 
structural changes induced by the radiation of Tradescantia microspores. 
J. Genetics 47: 113-136. 
CLARK, A. M., 1957. The relation of genome number to radiosensitivity in 
Habrobracon. Am. Naturalist gr: 111-119. 
_ CONGER, A. D. and L. M. FarrcuHiLD, 1952. Breakage of chromosomes by oxygen. 
Proc. Nat. Acad. Sci. Wash. 38: 289-299. 
CONGER, A. D. and A. H. JOHNSTON, 1956. Polyploidy and radiosensitivity. 
Nature 178: 271. 
CROUSE, H. V., 1954. X-ray breakage of lily chromosomes at first meiotic 
metaphase. Science 119: 485-487. 
D'AMATo, F. and Á. GusrTAFssoN, 1948. Studies on the experimental control 
of the mutation process. Hereditas 34: 181-192. 
__ DARLINGTON, C. D., 1952. Introduction. Symposium on chromosome breakage. 
Heredity 6: (Suppl): 1-4. 
DAvipson, D., 1957. Relation of colchicine to chromosome breakage. Nature 
180: 105960. 
_ DeeriNG, R. A. and R. B. SerLow, 1957. Inhibition of cell division of Esche- 
vichia coli by low doses of ultraviolet light. Science, r26: 397-398. 
_ DerauNay, L. N., 1934. Experimentell erzeugte Mutationen bei Weizen. Ver- 
lag Ukr. Adak. Land. Wiss., 1-56. 
Dr STEFANO, H. S., 1948. A cytochemical study of the Feulgen nuclear reaction. 
Chromosoma 3: 249-250. 
DUNCAN, R. E. and P. S. Woops, 1953. Some cytological aspects of antagonism 
in synthesis of nucleic acid. Chromosoma 6: 45-60. 


En Nn le ln nt lk 


x 


haer rn Ci 
\ 


26 S. BHASKARAN AND M. S. SWAMINATHAN 


EveErsoLE, R. A. and E. L. TaruM, 1956. Chemical alteration of crossing over 
frequency in Chlamydomonas. Proc. Nat. Acad. Sci. (U.S.) 42: 68-73. 
FRANZKE, C. J. and J. G. Ross, 1957. A lineal series of mutants induced by 

colchicine treatment. J. Heredity 48: 47-50. 

GirLes, A. and L. F. RANporLPH, 1951. Reduction of quadrivalent frequency 
in autotetraploid maize during a period of ten years. Amer. J. Bot. 36: 
12-17. 

GoopsreEeD, T. H., 1929. The effects of X-rays and radium on species of the 
genus Nicotiana. J. Heredity 20: 243-259. 

Gray, L. H., 1956. Cellular Radiobiology. Ann. Rev. Nuclear Sci. 6: 353-422. 

GUSTAFSSON, Á., 1947. Mutations in agricultural plants. Hereditas 33: 1—100. 

GUSTAEFSSON, Â. and N. NyBom, 1949. Colchicine, X-rays and the mutation 
process. Hereditas 35: 280-284. 

GUSTAFSSON, Á. and D. voN WETTSTEIN, 1956. Mutationen und Mutations- 
züchtung. Handb. d. Pflanzenzücht. 2: 612-699. 

Hevesy, G., 1956a. Ciba Foundation Symposium, Ionizing Radiation and Cell 
Metabolism. p. 300. 

Hevesy, G., 1956b. Brit. J. Radiol., 29: 465. 

Hiraoka, T., 1957. Feulgen nucleal reaction. 1. Quantitative extraction of 

fuchsin from Feulgen-stained nucleoprotein. J. Biophysic. Biochem. Cytol 3: 
525-544. 

HOLLAENDER, A. C. C. CONGDON, D. G. Dorerty, T. MAKINODAN and A. C. 
Uprron. 1958. New Developments in Radiation Protection and Recovery. 
Second U.N. Intern. Conf. Peaceful Uses of Atomic Energy, 23 3-9. 

HOLLINGSHEAD, L., 1923. The occurrence of unpaired chromosomes in hybrids 
between varieties of Triticum vulgare. Cytologia 3: 119-141. 

Hormes, B. E., 1956. Influence of radiation on metabolism of regenerating rat 
liver. Ciba Symp. lonizing Radiation and cell metabolism, pp. 225-226. 

Hormes, B. E., 1957. Biochemical effects of ionizing radiation. Ann. Rev. 
Nuclear Sci. 7: 89-134. 

Hoover, C. R. and L. E. Tmomas, 1951. J. Natl. Cancer Inst. r2: 219. 

HORLACHER, W. R. and D. T. KrrroucH, 1933. Progressive mutations induced 
in Gossypium hirsutum by radiations. Am. Naturalist 67: 532-538. 

HowaARrD, A. and S. R. Perc, 1952. Synthesis of DNA in normal and irradiated 
cells and its relation to chromosome breakage. Heredity (Suppl.) 6: 261-273. 

Hype, B. B. and R. L. Parrwar, 1958. Studies on the role of cations in the 
structure and behaviour of plant chromosomes. Amer. J. Bot. 45: 433-438. 

Iverson, R. M. and A. C. Grese, 1957. Synthesis of nucleic acids in ultraviolet 
treated Lscherichia Coli. Biochim. Biophys. Acta 25: 62-68. 

Jar, H. K., 1957. Effect of high temperature on meiosis in Lolium: nucleolar 
inactivation. Heredity 117: 23-36. 

JAiN, H. K., 1958. Correlated failure of synthetic activities in a wheat chromo- 
some. Nature 182; 1458-1459. 

KATAYAMA, Y., 1935. Karyological comparisons of haploid plants from octa- 
ploid Aegilo-triticum and diploid wheat. Jap. J. Bot. 7: 349-380. 


POLYPLOIDY AND RADIOSENSITIVITY IN WHEAT AND BARLEY 27 


KATTERMAN, G., 1933. Ein Beitrag Zur Frage der Dualität des Bastardkernes. 
Planta 18: 751-785. 

KAUFMANN, B. P. 1948. Chromosome structure in relation to the chromosome 
cycle IT. Bot. Rev. 24: .57:126. 

KAUFMANN, B. P., 1957. A portrait of the chromosome. Bios;287 2135: 

KAUFMANN, B. P. and D. N. De. 1956. Fine structure of chromosomes. in 
Biophyvs. Biochem. Cytol. 2: (Suppl): 419-423. 

KAUFMANN, B. P., H. Gay and M. R. McDonarp, 1951. Enzymatic degra- 
dation of ribonucleoproteins. Amer. J. Bot. 38: 268-275. 

Kerry, L. S., 1954. The time function of P32 incorporation into DNA of re- 
generating rat liver: the effect of irradiation. Proc. Amer. Assoc. Cancer 
Res: 24: 

Kerry, L. S., D. Hirscu, G. BEACH and A. H. PAYNE, 1955. Post irradiation 
time and dose reponse studies on the incorporation of P32 into DNA of 
mouse tissues. Rad. Research 2: 490-501. 

Krrara, H., 1942. X-ray treatment and mutations. Agric. and Hortic. 17: 199- 
200. 

KrHLMAN, B. A. 1955. Oxygen and the production of chromosome aberrations 
by chemicals and X-rays. Hereditas 41: 384-404. 

KoNzak, C. F. and W. R. SINGLETON, 1952. The relationship of polyploidy to 
the effects of thermal neutron exposure on plants. Genetics 37: 596-597. 

LA Cour, L. F. and A. RUTISHAUSER, 1954. X-ray breakage experiments with 
endosperm I: Sub-chromatid breakage. Chromosoma 6: 696-709. 

LAJTHA, L. G., R. Orrver, R. BERRY and W.D. Noves, 1958a. Mechanism of 
radiation effect on the process of deoxyribonucleic acid. Nature 182: 1788. 

LAJTHA, L. G., R. Orrver, T. KuMATORI and E. Errrs, 1958b. On the mechanism 
of radiation effect on DNA synthesis. Rad. Research 8: 1-16. 

LANE, G. R., 1951. X-ray fractionation and chromosome breakage. Heredity 5: 
1-35. 

LATARJET, R. and B. Ermrussi, 1949. Courbes de survive de haploides et di- 
ploides soumises aux rayons X-Compt. Rend. Ac. Sc. Paris 229: 306-308. 

Lea, D. E., 1946. Action of radiation on living cells. Cambridge University Press. 

Lessrer, M. A., 1953. The nature and specificity of the Feulgen nucleal reaction. 
Intern. Rev. Cytol. 2: 231-247 

LEUCHTENBERGER, C., R. VENDRELY and C. VENDRELY, 1951. A comparison of 
the content of Deoxyribonucleic acid in isolated animal nuclei by cyto- 
chemical and chemical methods. Proc. Nat. Acad. Sci. (U.S.) 37: 33-38. 

LEVAN, A., 1944. Experimentally induced chlorophyll mutants in flax. Hereditas 
30: 225-230. 

Levine, R. P., 1955. Chromosome structure and the mechanism of crossing 
over. Proc. Nat. Acad. Sci (U.S.) 41: 727-730. 

Love, R. M., 1938. Somatic variation in chromosome numbers in hybrid wheat. 


Genetics. 23: 517-522. 


_LuMms, E. S., 1950. Cytochemical reactions of nucleic acids. Quart. Rev. Biol. 


RT ee 


25: 278-291. 


28 S. BHASKARAN AND M. S. SWAMINATHAN 


MacKey, J., 1954. Neutron and X-ray experiments in wheat and a revision 
of the speltoid problem. Hereditas 40: 65-180. 

MacKzevy, J., 1956. Mutation breeding in Europe. Brookhaven Symp. Biol. 9: 
141-156. 

MARSHAK, A. and M. BRADLEY, 1944. X-ray inhibition of mitosis in relation 
to chromosome number. Proc. Nat. Acad. Sci. (U.S.) zo: 231-237. 

MATSUMURA, S., 1946. Röntgenstrahleninduzierte Chromosomenaberranten bei 
dem Twiticum monococcum. Jap. J. Genet. er: 201-211. 

Marsuura, H. and T. Haga, 1950. Chromosome studies in Trvillium kamt- 
schaticum and its allies. IX: Chromosome aberrations induced by X-rays. 
Cytologia 16: 36-47. 

Mazia, D., 1954. The particulate organization of the chromosome. Proc. Nec. 
Acad. Sci (U.S.) 40: 521-527. 

Merz, T., 1959. The effect of extended anaerobic treatments on the chromo- 
somes of Vicia faba. J. Biophysic. and Biochem. cytol. 5: 135-142. 

Mirsky, A. E. and H. Ris, 1951. The composition and structure of isolated 

chromosomes. J. Gen. Physiol. 34: 475-492. 

Mitra, S., 1958. Effect of X-rays on chromosomes of Lilium longiflorum during 

meiosis. Genetics 43: 771-789. 

Moses, M. J., 1952. Quantitative optical techniques in the study of nuclear 

chemistry. Exptl. Cell Res. Suppl. 2: 75-102. 

Moses, M. J. and J. H. TAyror, 1955. Desoxypentose nucleic acid synthesis 

during microgametogenesis in Zradescantia. Exptl. Cell Res. 9: 474-488. 

Motrrram, J. C., 1935. On the alteration of the sensitivity on cells towards radi- 

ation produced by cold anaerobics. Brit. J. Radiol. 8: 32-39. 

Murrer, H. J., 1940. Analysis of process of structural change in chromosomes 
of Drosophila. J. Genetics 40: 1-66. 

Murrer, H. J., 1954. The nature of genetic effects produced by radiation. 
Radiation Biology, McGraw Hill Book Co. Inc. New York, Vol. Z: 351-477. 

Murrer, H. J., 1956. On the relation between chromosome change and gene 
mutations. Brookhaven Symp. Biol. 8: 126-147. 

MÜNTziNG, A, 1951. Cytogenetic properties and practical value of tetraploid 
rye. Hereditas 37: 18-84. 

MÜNTZING, A. 1956 Chromosomes in relation to species differentiation and 
plant breeding. Lecture 6, Conference on chromosomes, Wageningen pp. 
1-37. 

MÜNTzING, A. and R. PRAKKEN, 1942. The mode of chromosome pairing in 
Phleum twins with 63 chromosomes and its cytogenetic consequences. 
Hereditas 26: 463-501. s 

NATARAJAN, A. T., 1958. A cytogenetical study of the effects of mutagens on 
plants with special reference to the induction of mutations. Ph. D. Thesis, 
Delhi Universtiy. 

NATARAJAN, A. T. and M. S. SWAMINATHAN, 1958. Indirect effects of radiation 
and chromosome breakage. Ind. J. Genet. and Pl. Breeding 18: 220-223. 

NATARAJAN, A. T., S. M. SiKKA and M. S. SWAMINATHAN, 1958. Polyploidy, 


POLYPLOIDY AND RADIOSENSITIVITY IN WHEAT AND BARLEY 29 


radiosensitivity and mutation frequency in wheats. Proc. Intern. Conf. 
Peaceful Uses of Atomic Energy, 27: 321-331. 

NeBer, B. R., 1937. Chromosome structure XII: Further radiation experiments 
with Tradescantia. Amer. J. Bot. 24: 365-372. 

O'MARra, J. G., 1942. Meiosis in autotetraploid Secale cereale Bot. Gaz. To4: 
563-575. s 

Orp, M. G. and L. A. STOCKEN, 1958. Studies in synthesis of deoxyribonucleic 
acid. Nature 182: 1787-1788. 


ORNSTEIN, L. 1952. Distributional error in microspectrophotometry. Lab. 


+ 


„ 
5 


u 


brt ENT B 


ti 


TT RN 


Invest. r: 250-265. 

ÖSTERGREN, G. and T. WAKONIG, 1954. True and apparent subchromatid 
breakage and the induction of labile state in cytological chromosome loci. 
Bot. Notiser. 7954: 357-375. 

OVEREND, W. G. and M. Sracey, 1949. Mechanism of the Feulgen nucleal 
reaction. Nature 163: 538. 

Par, R. A. and M. S. SWAMINATHAN, 1959. Cytological behaviour of a nulli- 
haploid of bread wheat. Naturwiss. 20: 584-585. 

PAIGEN, K. and B. P. KAUFMANN, 1953. Effects of X-irradiation on amount 
and composition of nucleic acids in liver. J. Cellular Comp. Physiol. 42: 
163-178. 

PARTHASARATHY, N. and S. S. RAJAN, 1953. Studies on the fertility of auto- 
tetraploids. Euphytica 2: 25-36. 

PaTAU, K., 1952. Absorption microphotometry of irregular-shaped objects. 
Chromosoma 5: 341-362. 

Perce, S. R. and A. Howarp, 1955. Effect of various doses of X-rays on the num- 
ber of cells synthesizing deoxyribonucleic acid. Rad. Research 3: 135-142. 

Puiruies, L. L., 1956. Effects of free radicals on chromosomes of barley. Science 
I24: 889-890. 

Porrarp, E. C., 1953. Primary ionization as a test of molecular organization. 
Biol. & Med. Physics 3: 153-189. 

PorrarD, E. C., W. R. Gurp, F. HurTcHINSON and R. B. SerLow, 1955. The 
direct action of ionizing radiation on enzymes and antigens. Eds. BUTLER, 
J. A. V. & J. T. RANpárr. Pergamon Press, London. Progr. in Biophys. 
and Biophys. Chem. 5: 72-108. 

Poruister, A. W. and L. ORNSTEIN, 1955. Cytophotometric analysis in visible 
spectrum. In: Analytical Cytology Ed. R. C. Mellors. McGraw Hill Book 
CorlnecAN: Lampp. 171: 

Powers, E. L., 1957. Cellular Radiobiology. Ann. Rev. of Nuclear Sci. 7: 63-88. 

ReverL, S. H., 1955. A new hypothesis for ‘chromoatid’ changes. Radiobiology 
Symposium 1954 Eds. Bacg, Z. M. and P. ALEXANDER. Butterworths 
Scientific Publications, London pp. 243-253. 

Rirey, R. and V. CHAPMAN, 1958. Genetic control of the cytologically diploid 
behaviour of hexaploid wheat. Nature 782: 713-715. 

Ris, H., 1955. The sub-microscopic structure of chromosomes. In: Fine 
Structure of cells, Noordhoff, Groningen. pp. 121-134. 


30 S. BHASKARAN AND M. S. SWAMINATHAN 


Ris, H., 1956. Study of chromosomes with the electron microscope. J. Biophys. 
Biochem. Cytol. 2: Suppl. 385-392. 

Ris, H., 1957. Chromosome structure. In: “Chemical Basis of Heredity”’ Ed. 
McErroy, W. D. and B. Grass. The Johns Hopkins Press p. 13-69. 

Ris, H. and A. E. Mirskvy, 1949. Quantitative cytochemical determination of 
deoxyribonucleic acid with the Feulgen nucleal reaction. J. Gen. Physiol 
BEE 25r 

Ris, H. and A. W. Porrister, 1947. Nucleoprotein determination in cytological 
preparations. Cold Spr. Harb. Symp. Quant. Biol. 72: 147-154. 

Sacus, L., 1952. Chromosome mosaics in experimental amphidiploids in the 
Tviticvinae. Heredity 6: 157-170. 

SAPÈHIN, A. A. 1935. X-ray mutants in durum wheat. Bot. Z. U.R.S.S. 20: 
3-9. 

Sax, K., 1957. The effect of ionizing radiation on chromosomes. Quart. Rev. 
Biol. 32: 15-26. 

Sax, K. and E. D. Kine, 1955. An X-ray analysis of chromosome duplication. 
Proc. Nat. Acad. Sci. Wash 4r: 150-155. 

SCHRADER, F. and S. HUGHES-SCHRADER, 1956. Polyploidy and fragmentation 
in the chromosomal evolution of various species of Thyanta (Hemiptera). 
Chromosoma 7: 469-496. 

Scott, J. F., 1952. Problems of scattering and spectral anomalies in micro- 
absorption spectrophotometry. Lab. Invest. 7: 73-84. 

SEARS, E. R. and M. OKAMoTO, 1958. Intergenomic chromosome relationships 
in hexaploid wheat. Proc. Tenth Intern. Cong. Genet. 2: 258-259. 

SHARMA, A. K., 1956. A new concept of means of speciation in plants. Caryolo- 
gia 9: 93-130. 

SLYZINSKI, B. M., 1950. Partial breakage of salivary gland chromosomes. 
Genetics 35: 279-287. 

SMITH, E. C., 1936. The effects of radiation on fungi. In: B. M. Dugcear, ed. 
Biological effects of radiation. N.Y. McGraw Hill 2: 889-918. 

SMITH, L., 1939. Reciprocal translocations in Tricitum monococcum, Genetics 
24: 86. 

SPARROW, A. H., 1951. Radiation sensitivity of cells during mitotic and meio- 
tic cycles with emphasis on possible cytochemical changes. Ann. N.Y. Acad. 
Sei. 51: 1508-1540. 

SPARROW, A. H. and F, FERRO, 1953. Cellular radiobiology. Ann. Rev. Nuclear 
Sci. 3: 339-368 

STADLER, L. J., 1929. Chromosome number and the mutation rate in Avena 
and Priticwum. Proc. Nat. Acad. Sci. 15: 876-881. 

STADLER, L. J., 1930. Some genetic effects of X-rays in plants. J. Heredity 21: 
3-19. 

STEBBINS, G. L., 1956. Artificial polyploidy as a tool in plant breeding. Brook- 
haven Symp. Biol. 9: 37-52. 

STEBBINS, G. L., 1957. Discussion following Dr. SWAMINATHAN's paper. Ind. J. 
Genet. Pl. Breeding 17: 412. 


POLYPLOIDY AND RADIOSENSITIVITY IN WHEAT AND BARLEY 31 


STEFFENSEN, D., 1953. Induction of chromosome breakage at meiosis by mag- 
nesium deficiency in Tradescantia. Proc. Nat. Acad. Sci Wash. 39: 613-620. 

STEFFENSEN, D., 1955. Breakage of chromosomes in Tradescantia with a cal- 
cium deficiency. Proc. Nat. Acad. Sci. Wash. 41: 155-160. 

STEFFENSEN, D., 1956. A high frequency of X-ray induced chromosomal aber- 
rations in Tradescantia plants grown in sub-optimal calcium. Rad. Research. 
5: 997-598. 

_STEFFENSEN, D., 1957. Effects of various cation imbalances on the frequency 
of X-ray induced chromosomal aberrations in Tradescantia. Genetics 42: 
239-252. 

SuBoric, S. P. and D. T. KANAzIR, 1956. Effects of U.V. irradiation on meta- 
bolism of nucleic acids in Salmonella typhimurium. Bull. Inst. Nuclear Sci. 
6: 193-197. 

SWAMINATHAN, M. S. and B. R. Murry, 1959. Aspects of asynapsis in plants. 
1. Random and non-random chromosome association Genetics 44: 1271-1280. 

SWAMINATHAN, M. S. and A. T. NATARAJAN. 1956. Fast neutron radiation and 
loealised chromosome breakage. Curr. Sci. 25: 279-281. 

SWAMINATHAN, M. S. and A. T. NATARAJAN, 1957. Polyploidy and radiosensi- 
tivity. Nature 179: 479-480. 

SWAMINATHAN, M. S. and A. T. NATARAJAN, 1959. Cytological and genetical 
changes induced by LEENDE oils in Triticum. J. Heredity, 50: 177-187. 

SWAMINATHAN, M. S. and K. SurBHa, 1959. Multivalent frequency and seed 
fertility in raw and evolved autotetraploids of Torta. Z. Vererbungslehre 
go: 385-392. 

SWANSON, C. P., 1943. Differential sensitivity of prophase pollen tube chromo- 
some to X-rays and ultraviolet rays. J. Gen. Physiol. 26: 485-494. 

SWANSON, C. P., 1947. The effect of infra red treatment on the production of 
X-ray induced changes in the chromosomes of Tradescantia. Proc. Nat. 
Acad. Sci. Wash. 35: 237-244. 

SWANSON, C. P., 1955. Effect of oxygen tension on the production of chromosome 
breakage by ionizing radiations: an interpretation. Radiobiology Sym- 
posium. 1954. eds. Z. M. Bacg and P. ALEXANDER. Butterworths Scienti- 
fic Publications, Academic Press, New York. pp. 254-261. 

SwiFrr, H., 1950. The constancy of DNA in plant nuclei. Proc. Nat. Acad. Sci. 

(U.S.) 36: 643-654. 

_Swirr, H., 1953. Quantitative aspects of Nuclear nucleoproteins. Intern. Rev. 

5 Cytol. 2: 1-76. 

„Swirt, H., 1955. Cytochemical techniques for nucleic acids. In: The Nucleic 

5 Acids, eds. E. re and J. N. DAVIDSON. Academic Press, New 

ó York. 5 

_ Tavyror, J. H., 1958. The mode of chromosome duplication in Crepis Capillaris. 

3 Exptl. Cell Res. 15: 350-357. 

TAYLOR, J.H. and R. D. McMaster, 1954. Autoradiographic and microphotome- 

tric, studies of desoxyribosenucleic acid during microgametogenesis in Lilium 

longiflorum. Chromosoma 6: 489-521. 


À 


ea 
ER 


ep 
Ld f 


ENDE 50 


32 POLYPLOIDY AND RADIOSENSITIVITY IN WHEAT AND BARLEY 


Tuopay, J. M. and J. Reap, 1947. Effect of oxygen on the frequency of chromo- 
some aberrations produced by X-rays. Nature 760: 608. 

THOMPSON, W. P. and M. G. THOMPSON, 1937. Reciprocal chromosome trans- 
locations without semi-sterility. Cytologia, Fujii Jub. Vol. 7: 336-342. 
TimorEEFF-REssovsKy, H. and K. G. ZIMMER, 1947. Biophysik 1. Das Treffer- 

prinzip in der Biologie. Leipzig, S. Hirzel. 317 pp. 

Togras, C. A., R. K. MoRTIMER, R. L. GUNTHER and G. P. WercH, 1958. The 
action of penetrating radiations on yeast cells. Int. Conf. Peaceful Uses of 
Atomic Energy, Geneva, 22: 420-426. 

VAARAMA, A. 1949. Spindle abnormalities and variation in chromosome 
number in Ribes nigvum. Hereditas 35: 136-162. 

Worrr, S., 1957. Recent studies on chromosome breakage and rejoining. Adv. 
in Radiobiology. (Ed. G. C. de Heves, et. al.) Oliver and Boyd Ltd. Edin- 
burgh. 

Worrr, S., K. C. Arwoop, M. L. RANDOLPH and H. E. Lurerporp, 1958. Factors 
limiting the number of radiation-induced chromosome exchanges 1. Dis- 
tance: Evidence from non-interaction of X-ray and neutron-induced 
breaks. J. Biophys. Biochem. Cytol. 4: 365-372. 

Worrr, S. and H. E. Lurrerorp, 1955. Metabolism and chromosome-break 
rejoining. Science re2: 231-232. 

Worrr, S. and H. E. Lurrrorp, 1956. The production of two chemically 
different types of chromosomal breaks by ionizing radiation. Proc. Natl. 
Acad. Sci (U. S.), 42: 510-514. 

Worrr, S. and H. E. LuriPporp, 1957. Inaccuracy of anaphase bridges as a 
measure of radiation induced nuclear damage. Nature 179: 208-209. 

Woop, T. H., 1958. Cellular radiobiology. Ann. Rev. Nuclear Sci. 8: 343-386. 

Woops, P. S., 1957. A chromatographic study of hydrolysis in the Feulgen 
nucleal reaction. J. Biophys. Biochem. Cytol. 3: 71-79. 

YAMASHITA, K., 1947. X-ray induced reciprocal translocations in Friticum 
aegilopotdes and T. monococcum. Jap. J. Genetics 22: 34-47. 

YAMASHITA, K., 1951. Studies on X-ray induced reciprocal translocations in 
Einkorn wheats. III. A newly synthesized ring of 14 chromosomes in a 
complex heterozygote, Aegilopoides-monococcum. Cytologia 16: 164-173. 

Zerre, M. R, and J. E‚. Oo, 1957. Radiation resistance and genetic segregation 
in a large cell possibly polyploid strain of Escherichia coli. J. Bacteriol. 74: 
485-493. 

ZIMMER, K. G., 1957. A physicist's comments on some recent papers on radi- 
ation genetics. Hereditas, 43: 201-210. 

ZIRKLE, R. E. and C. A. ToBras, 1953. Effects of ploidy and linear energy transfer 
on radiobiological survival curves. Arch. Biochem. Biophys. 47: 282-306. 


Genetica XXXII (1961): 33-50 


MULTIPLE EFFECTS OF THE LEAF SHAPE ALLELE Pt 
IN NICOTIANA TABACUM L. 


by 


J. H. VAN DER VEEN and J. P. M. BINK 


Department of Genetics, Agricultural University, Wageningen, The Netherlands. 


(Received for publication August 15, 1960) 


l.l, INTRODUCTION 


In previous experiments on leaf shape of tobacco (VAN DER VEEN, 
1957), the effects were studied of the allelic pairs Pt-pt, Pd-pd, and 
Br-br. The pure lines used for crossing differed widely in genotypic 
background. Consequently, the expression of the major genes was 
subject to variation induced by segregation of modifiers, among 
which were genes for leaf number and genes for general vigour. These 
provided useful additional information, but also prevented inferences 
on a number of relevant details pertaining to the expression of the 
major units of segregation, and therefore a material has now been 
analysed where Pt-pt and Br-br had been incorporated in a suf- 
ficiently homogeneous genotypic background. 

The 1957 analogue is the cross between “Hongaars Gartenblatt”’ 
(ptptbrbrpdpd) and “Amersfoorter” (PtPtBrBrpdpd), to be referred 
‚ to as HG-Am. Complete agreement between the two materials was 
_ found, not only for the qualitative aspects, but also for most of the 
metrical data. Regarding the latter, the present and the HG-Am 
material will be compared in section 3, while the newly obtained 
results are presented in sections 4, 5.1, and 5.2. 
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1.2. THE NINE PHENOTYPES 


The unlinked allelic pairs Pt-pt and Br-br give rise to nine geno- 
types, which in the present material can all be easily distinguished 
phenotypically (Fig. 1). 

The types 1, 2, 3 (brbr) are wingless to narrowly winged, that Is 
clearly petioled, whilst the types 7, 8, 9 (BrBr) have broad wings, 
that is they are sessile. Among the more or less intermediate hetero- 
zygotes, type 6 resembles type 9, and types 4 and 5 resemble types 
| and 2 respectively. In the direction of BrBr the angle of lateral 
veins becomes slightly more obtuse (Cf. section 3 and Fig. 2). 

The contrasts between types 3, 6, 9 (ptpt) and 1, 4, 7 (PtPt) are 
a) short vs long petiole, b) comparatively broad vs narrow wings, 
c) comparatively broad vs narrow leaves, d) obtuse vs acute angle of 
venation, and further, regarding flower shape, e) inflated throat and 
pentagonal limb contour vs more slender throat and more pointed 
limb contour. In all respects Ptpt (2, 5, 8) is intermediate. It should 
be noted that in the sessile types the level of the sinus between wing 
and blade corresponds to the length of the petiole of the row 
neighbours. In accordance, the base of a sessile leaf is regarded as 
a petiole with broad wings (Cf. section 4). Thus wing width is mainly 
affected by Br-br, but also considerably by Pt-pt. Finally, auricle 
size is proportional to wing width. 

A third unlinked allelic pair, Pd-pd, acts qualitatively in the 
same way as Pt-pt, but quantitatively the effect of Pd is much 
smaller than that of Pt. Cf. VAN DER VEEN (1957), which publication 
also presents a detailed analysis and, where necessary, a reinterpre- 
tation of literature, and in which it was concluded that the frame of 
leaf shape variation in Nicotiana tabacum is made up by Pt-pt, 
Pd-pd, and Br-br. 


2.1. MATERIAL AND METHODS 


Dr D. R. CAMERON of the University of California kindly provided 
the standard type (ptptbrbr, type 3) and two mutants incorporated 
in its background by repeated backcrossing, viz. PtPtbrbr (type 1) 
and ptptBrBr (type 9). The standard type, “Red Russian” (UG B:G. 
06-25) is identical to N. tabacwm var. macrophylla purpurea. From 
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Photo by K. KNOOP 


Fig. 1. The nine phenotypes arranged in the order 


(1) PtPtbrbr (4) PtPtBrbr (7) PtPtBrBr 
(2) Ptptbrbr (5) PtptBrbr (8) PtptBrBr 
(3) ptptbrbr (6) ptptBrbr (9) ptptBrBr 


The genotypes are represented by the 12th or 13th leaf produced. 
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the Fz of the two mutant types we extracted PtPtBrBr (type 7). 
The four homozygotes were subsequently crossed in all combinations, 
and thus equal numbers of the nine types could be grown in an 
appropriate experimental design. In a preliminary experiment no 
differences between reciprocals could be detected, and the dihetero- 
zygotes from 1 x 9 and 3 x 7 could not be distinguished. Further- 
more, the material as a whole is very uniform with respect to a variety 
of characteristics of the general habitus, and therefore, the genotypic 
background is considered as sufficiently uniform. 

As environmental between-seedpan-differences in growth of the 
seedlings are very hard to avoid and have a lasting effect on the 
plants, a procedure was adopted to eliminate such environmentally 
induced correlations. For each prospective plant, 6 seeds were laid 
out in a separate 8 cm. pot. Each genotype was represented by 9 pots. 
Throughout the experiment, that is both for the seedpots and for the 
resulting plants, the spatial arrangement was such that each genotype 
was represented onee in each row and each column. The randomised 
9 xX 9 Latin Square (without replication) was surrounded by two 
guard rows of type 3 plants. When the plants reached the four leaf 
stage, one plant per pot was chosen which came closest to the average 
vigour of all plants of its genotype. 

Two weeks later the young plants were transplanted into 22 cm. 
pots and transferred to an unheated greenhouse. After another two 
weeks they were planted out in the field, widely spaced (75 x 75 cm.) 
to keep competition at a minimum. All the time the greatest care 
was taken to ensure environmental homogeneity. Continual removal 
of axillary shoots (suckers) promotes regular development. 


2.2. MEASUREMENTS AND COUNTS 


a) The leaves were numbered in order of appearance, including the 
cotyledons (1 and 2) and the last leaf under the central end flower. 

b) Flowering.time is the date of full expansion of the first flower to 
open, which invariably was the central end flower. 

c) Plant height was measured after seed ripening, along the stem 
from its base to the point of insertion of the central end flower. 

d) Leaf length is the length of the midrib from axil to tip, measured 
at the upper side of the leaf. 
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e) Leaf width is the maximum width perpendicular to the midrib. 

f) Angle of venation of a leaf is the mean angle with the midrib of 
four lateral veins, two on each side of the midrib, and just below 
the midpoint between axil and tip. Their direction is given by 
the part between 2 and 6 cm. from the midrib. 

g) Petiole length was taken from axil to leaf blade. 

h) Internode length was measured between leaf axils, after seed 
ripening. The number of an internode is that of the leaf above. 

1) To determine the number of lateral veins of a leaf, only those 
with a clearcut profile at the underside of the leaf were counted. 
This was done by touch. Close agreement between different 
observers proved that the tactile criterion is very satisfactory. 
In cases of doubt the vein was counted as a half. 

1) The length of a lateral vein was measured between its point of 
emergence from the midrib, which is below its point of branching 
off from the latter, and the point where it joins, near the leaf 
margin, with the side vein of its neighbour above. The latter 
point is clearly visible in Fig. 1. 

All leaf measurements were taken from fullgrown leaves. In ad- 
dition, length and width of the growing leaves number 10, 19, 
16, and 18, were measured at regular intervals of time, that is daily 
during rapid youth growth. 


3. COMPARISONS WITH PREVIOUS EXPERIMENTS 


As in the HG-Am material, Pt increases the number of leaves 
(Table 2a), the difference between the means of PtPt and ptpt being 
27.3-25.3 — 2.0 leaves. The types 3 and 8 deviate slightly from the 
overall picture by having a relatively high (25.7) and a relatively 
low (25.0) number respectively. This is probably due to environmental 
circumstances (Cf. Table 2b, flowering time). 

The effect of Pt on angle of venation, is large (Fig. 2), and differ- 
entiation between the Pt-pt genotypes starts below leaf number 7. 
Br has a comparatively small effect in that BrBr has a somewhat 
more obtuse angle than brbr, and the heterozygote shows dominance 
in the direction of brbr. 

In the petioled types 1, 2, 4, 5 (Fig. 3), PtPt has much longer 
_petioles than Ptpt, and progressive differentiation starts early. In 
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Angle of 
venation 
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Fig. 2. Mean angle of venation in degrees for successive leaves. Type numbers 
asin Eion te bres ‚ Brbr = ——-—-——-— ‚BEBr eel 


segregating generations from the cross between HG (26 leaves) and 
Am (35 leaves), leaf number ranged from 23 tot 38, and it was found 
that a higher number of leaves induces an upward extension of the 
region of increasing petiole length, which consequently leads to a 
higher maximum. By allowing for this correlation between number 
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Fig. 3. Mean petiole length in mm. for successive leaves. Type numbers as in 
Fig. di. brbr ze Brbr Er PN " 
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of leaves and maximum petiole length, mutually resembling pheno- 
types, eg. PtPt plants with a relatively short and Ptpt plants with a 
relatively long petiole, could in all cases be assigned to the correct 
genotype. The maximum of the present PtPt types is about one node 
higher than that of the Ptpt types. This can now be taken as caused 
by the higher number of leaves óf PtPt. Finally, the Brbr types have 
slightly shorter petioles than the corresponding brbr types, because 
their leaf blades taper slightly down into their somewhat broader 
wings (Cf. Fig. I). 

Among the graphs for length and width of the successive leaves, 
those of types l and 4, and also those of types 3 and 6, coincide 
almost completely, and the data have therefore been pooled corre- 
spondingly (Fig. 4). 

It is seen that Br-br has little or no influence on leaf width, whilst 
Pt-pt has a marked effect, and causes differentiation to start at a 
low leaf number. The heterozygote (not presented) is intermediate. 
The suspended increase in width above node 8 reflects transplantation 
into the field, since before that date the lower leaves had completed 
most of their growth under greenhouse conditions. At the highest nodes 
the width graphs converge owing to the lower leaf number of ptpt. 

Regarding leaf length (Fig. 4), differentiation due to Br-br starts 
at node 7, say. Both for PtPt and ptpt, the sessile leaves (types 7 and 
9 respectively) are clearly longer, which is in contrast to the findings 
with HG-Am where the effect of Br-br on leaf length was negligible 
in Fo. 

Differentiation in leaf length due to Pt-pt starts just before the 
region of maximum length. At the highest nodes, decrease in length 
runs parallel, and the graphs are about 2 nodes apart, which corres- 
ponds to the difference in leaf number between PtPt and ptpt. The 
maximum is clearly higher for PtPt, which was not the case in the 
HG-Am material, where furthermore only a very small within- 
genotype influence of leaf number on maximum leaf length could be 
detected. Therefore it is not clear in how far the higher maxima of 
_ the present PtPt types are the results of a higher number of leaves. 
Although Pt does increase maximum leaf length, whether directly or 
indirectly (via leaf number), the effect is relatively small compared 
with that on leaf width, at least when one also takes into account 
| that Pt-pt differentiates leaf width at much lower nodes. 
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Finally, the length graphs (not presented) of the heterozygotes 2 
and 8 coincide roughly with those of the homozygotes 3 and 9 
respectively, and that of type 5 with that of 4. The overall picture, 
therefore, indicates some degree of intermediacy of Ptpt. 
Leaf 
length ziee 
400 


300 


200 


Keje, 


5 Ke) 15 20 


Fig. 4. Mean leaf length in mm. and mean leaf width in mm. for successive 
leaves. Type numbers as in Fig. 1. Pooled types between brackets. = 
(3, 6), —————— = 9, = (1,4), and +--….: = 7. 


4, NUMBER AND LENGTH OF LATERAL VEINS 


Number of lateral veins was counted as described in section 2.2 
sub i). No differences in average were found between the left and 
right side of the midrib. Their number was very constant between 
the 13th and 18th leaf, the maximum average difference between 
leaves 14 and 17 being only 0.3 veins (type 6). In this type also the 
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largest range of variation for a fixed leaf was found, viz. 1.5 veins. 
Within the other types the ranges were only 1.0 veins or even less. 
For these reasons there is no objection to represent the genotypes 
by their left side means of the combined leaves 14 and 17 (Table la). 

When comparing Table la and Fig. 1, an interesting correlation 
is found between number of latêral veins and shape of the leaf base. 
_This correlation can be described best by taking as a basis for com- 
parison the leaf of type 9 (ptptBrBr), which has a short petiole with 
broad wings. Substitution of Pt for pt reduces development of 
laminal tissue in the basal part of the leaf, as measured by both 
length of the base and width of the wings. Thus, type 7 (PtPtBrBr) 
has not only a longer petiole but also narrower wings than type 9. 
The two aspects may of course be the outcome of one single process, 
which in its turn may be the process of reduction of overall leaf 
width by Pt (Cf. section 6). In addition to the effect of Pt-pt, the 
allele br reduces laminal tissue in the leaf base only. In accordance 
with this picture of the amount of laminal tissue in the leaf base, 
type 9 has the highest number of lateral veins (Table la). The types 
7 and 3 have a lower number, since the former has only two well 
developed veins per wing in its long, narrow base, and the latter has 
no veins in the narrow wings of its short petiole. The lowest number 
of lateral veins is found in type 1, which represents the combined 
effects of Pt and Br. 

At first sight, type 1 is missing less veins than would correspond 
to the length of its petiole in comparison with type 3. However, the 
more acute the angle of venation, the longer the distance the lateral 
veins run together with the midrib, that is, after emerging from it 
and before branching off from it. In this way, one vein, say, is so to 
speak preserved in the blade of type 1. The different heterozygotes 
are, in accordance with their leaf base phenotype, more or less inter- 
mediate in vein number between the corresponding homozygotes. In 
_ the-types 4 and 5, where the leaf blade tapers slightly downwards, 
the number is correspondingly somewhat higher than in types Ì 
_and 2. 

In conclusion it can be said that Pt does not add a petiole to the 
leaf blade, but reduces development of laminal tissue in the basal 
part of the leaf, since 1) there is a very close correlation between 
number of lateral veins in the leaf and amount of laminal tissue in 
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the base, and 2) Pt has in general no effect on leaf (midrib) length, 
apart from a small region round maximum leaf length where Pt gives 
a proportionally small increase (section 3). 

In view of the above considerations and of the additional obser- 
vation that at a fixed node number larger leaves have the same 
number of lateral veins as smaller leaves, it seems justified to regard 
veins in corresponding positions between axil and leaftip, as homo- 
logous. Accordingly, we chose per plant, one vein halfway axil and 
tip of leaf 15, in order to compare length of lateral veins (see section 
2.2 sub j) of the 9 genotypes. 


TABLE la. Mean nwmbers of lateral veins, left of the midrib, and averaged for 
leaf 14 and 17. Types arranged as in Fig. I. 


6.9 7.5 8.8 
7.8 8.0 9.3 
8.7 94 10.2 


TABLE 1b. Mean length in mm. of the midway lateral vein in the r5th leaf. 
Types arvanged as in Fig. I. 


Mean 
| 
13.4 12,4 12.8 12.9 
12.8 12.8 12.0 12.5 
132 | 12.6 13.8 132 
Mean Sol | 12.6 | 12.9 


No systematic differences in length of lateral veins were found 
between genotypes (Table Ib). The shorter veins of type 8, and also 
of type 6, only reflect the smaller mean size of leaf 15 which these 
types happen to have. It follows in particular that the lateral veins 
of the narrow PtPt leaves (acute angle of venation) have the same 
length as those of the broad ptpt leaves (obtuse angle). 


9.1, RATE OF LEAF PRODUCTION AND FLOWERING TIME 


A high positive within-genotype correlation is found between 
number of leaves and date of flowering. Type 8 has been chosen to 
illustrate this (Table 3a), since it has the largest leaf number range 
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between its nine representants. Whatever their ultimate number of 
leaves, all type 8 plants grow at the same speed, that is, the 13th 
leaves attain 10 em. length simultaneously, and so do the 18th leaves. 
Moreover, rate of growth of the 18th leaves is homogeneous; Cf. the 
dates at 4 and 10 cm. in Table 3a. Therefore, a later flowering date 
is a reflection, only of the extra leaves produced. The same picture 
emerges within the other genotypes. 


TABLE 2 (a, b,c). Means of leaf number (2a), of flowering time in davs from 
June rsi (2b), and of plant height in cm. (2c). Types arranged as in Fig. r. 


Mean 

2a. Number of leaves. 27.6 27.0 212 278 
26.1 26.0 25.0 25 

25.7 Dor2 25.0 255 

Mean | 26.5 | 26.1 2537 26.1 

Mean 

25. Flowering time. 2 28.2 29.3 29.1 
28.2 28.3 26.6 27E 

31 28.9 29.0 29.7 

Mean 29.7 | 28.5 250 28.8 

Mean 

2e. Plant height. 108.2 | 102.3 105.7 105.4 
104.7 105.6 100.8 LOSS 

108.6 100. 1 106.7 (O5 

Mean 107.2 | 102.7 | 104,4 104.8 


No such correlation is found between the genotypes (Cf. Tables 
‚ 2a and 2b), in fact, PtPt and ptpt flower simultaneously, notwith- 
_ standing the extra two leaves of the former type. Further analysis 
_showed that this was not really at variance with the within-genotype 
_ picture. To illustrate the results, the types 4, 5, and 6 (all Brbr) were 
chosen (Table 3b). During youth growth, leaf production of ptpt lags 
increasingly behind that of PtPt; Cf. 10th leaf at 4 cm. (2.0 das 
| difference) and 13th leaf at 10 cm. (4.4 days). Later the production 
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rates are equal, as the difference for the 18th leaf at 10 cm. is still 
4.1 days. After that, it takes PtPt 3.4 days more than ptpt to start 
flowering, which reflects its 1.8 more leaves, conform the influence 
of leaf number on flowering time within genotypes. 


TABLE 3a. Leaf production and flowering time for the leaf number classes in 
type 8 (PtptBrBr). Rate of leaf production expressed in date when leaf y veaches 
length z (by interpolation). 


NN 


Number of leaves 29 24 25 26 21 
Class frequencies Ì 2 3 2 l 
Flowering time (date in June) 25.0 ZES 26.7 28.0 28.0 
Leaf 13 at 100 mm. (date in June) 7.0 6.7 6.5 6.5 1.0 
Leaf 18 at 40 mm. (date in June) 14.0 14.2 14.5 14.2 14.5 
Leaf 18 at 100 mm. (date in June) 20.0 20.5 20.7 20.5 20.0 


TABLE 35. Leaf production and flowering time of the types 4, 5, and 6 (all Brbr). 


R Difference 

PtPt Ptpt ptpt PtPt-ptpt 
(1) Leaf 10 at 40 mm. (date in May) | 21.6 2E9 23.6 —2.0 
(2) Leaf 13 at 100 mm. (date in June) 6.9 7.8 11.3 4,4 
(3) Leaf 18 at 100 mm. (date in June) | 19.4 211 230 —4.1 
(4) Flowering time (date in June) 28.2 28.3 28.9 —0.7 
Difference (4) — (3) 8.8 12 5.4 3.4 
(5) Number of leaves 27.0 26.0 25.2 1.8 


There is a counteraction between the two aspects of speed towards 
the generative phase, viz. rate of youth development and number 
of leaves, both governed by Pt-pt. That there is complete balance, 
te. that the types flower about simultaneously, may be a peculiarity 
of the genotypic background the types have in common. 


5.2. INTERNODE PATTERN AND PLANT HEIGHT 


The distribution of internode length along the stem is modified by 
several causes, viz, the allelic pair Pt-pt, the number of leaves, and 
general vigour. Since Br-br does not affect the latter two, a direct 
overall comparison of the three genotypes at this locus can be made 
(Fig. 5). The three graphs coincide well, so Br has little or no influence. 
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Internode 
Length 
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Fig. 5. Patterns of mean internode length in mm. of the genotypes brbr ( 
Brbr (—————-— ande BrBENN ee 02 ). 


Internode 
Length 


Ke) 15 20 25 30 


Fig. 6. Patterns of mean internode length in mm. of three groups of PtptBrbr 
(type 5) plants from F2 (Hg x Am), viz. groups with 26 ( —), 29 (——=——- jie 
ande33. (nml ie ) leaves. Means based on 5, 10, and 8 plants respectively. 
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Variation in leaf number being small, its effect on internode 
pattern is not very distinct. However, there is good agreement with 
the findings in the HG-Am material, from which we chose for illus- 
tration the F» diheterozygotes with 26, 29 and 33 leaves (Fig. 6). The 
rate of length increase in the lower internodes is higher for plants with 
a smaller number of leaves, but round the maximum and towards 
the top the three graphs run parallel, which implies absence of effect 
in this region. The levels of insertion of the 20th leaf are 76, 61 and 
52 cm., respectively. Thus, number of leaves is one of the factors 
contributing to the range of variation between “rosette type’ 
varieties (high leaf number) at the one extreme and “ladder type’ 
varieties at the other. Plant height is 145, 158 and 170 cm, showing 
that differences in number of leaves ultimately overcompensate the 
differences in level of leaf 20. 


Inter hode 
Length 


Kele) 


Fig. 7. Patterns of mean internode length in mm. of the genotypes ptpt 
(——), Ptpt (—————- read PEREN eren ). All plants 26 leaves. Means 
based on 10, 14, and 4 plants respectively. 


Coming back to the present experiment, and collecting plants with 
equal number of leaves (26) from ptpt, Ptpt and PtPt, one finds 
(Fig. 7) that Pt has a large effect in causing the internodes in the 
region of length increase to be shorter by a constant amount. Round 
the maximum the reverse is true. The top pattern is not influenced. 
Pt-pt, too, is one of the factors contributing to the rosette-ladder 
contrast, the levels of insertion of leaf 17 being 46 (PtPt), 53 (Ptpt), 


and 59 cm. (ptpt). Comparisons in the groups with 25 and 27 leaves 
led to similar results. 
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TABLE 4. Influence of genotypes and of number of leaves within genotypes on 
plant height (in cm.). The three genotypes represented by 27, 24, and 27 plants 
vespectively 
ee 


| Number of leaves 

| | Mean 

PA A NE, | 28 
a ON en 102.0 | 1058 | 106.2 105.4 
Ptpt Ee 972 VOE Sala LOE OB 103.7 
ptpt 97.9 | 1043 108.2 ma | De 105. 1 


Regarding plant height, it is seen (Table 4) that within the three 
‚_genotypes at the Pt-pt locus, this character increases with number 
of leaves. So, in the present material, too, a higher number of leaves 
ultimately overcompensates the shorter internodes induced by it in 
the lower part of the plant. Since Pt increases number of leaves 
(section 5.1), the correlation between height and leaf number can be 
surmised to hold also between genotypes. However, such an increasing 
effect of Pt (via leaf number), is obscured by a decreasing effect, 
because within leaf number classes (Table 4), substitution of Pt for 
pt decreases plant height, reflecting its shortening effect in the lower 
internodes. The two opposing effects happen to result in equal plant 
heights for the three genotypes (Table 4), but this must be regarded 


Internode 
Length 


1O 15 20 25 


Fig. 8. Patterns of mean internode length in mm. Oft sl OC : 
and of small (< 107 cm. = ) plants of genotype Ptpt and with 26 leaves. 
Means based on 7 and 7 plants. 
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as a peculiarity of this material, since in the HG-Am material the 
two do not counterbalance completely. 

Finally, when eliminating the effects on plant height of both 
number of leaves and Pt-pt, by taking one leaf number class in one 
genotype at a time, the taller plants are found to have proportionally 
longer internodes along the whole stem (Fig. 8). 

Summarising, it can be said that both number of leaves and Pt-pt, 
affect the pattern of the lower internodes and not that of the inter- 
nodes in the top region, and that the effects of both on plant height 
are interwoven in so far Pt-pt also influences number of leaves. 


6. DISCUSSION 


Shape differences of organs result from differences in amount and 
direction of cell division and cell elongation. Avery (1933) showed, 
by making ink lattices on young tobacco leaves, that the rate of 
increase in area was not uniform all over the leaf (“localised growth”): 
it was greatest in the basal half near the midrib and fell off towards 
the edges and towards the tip. Growth is completed at the tip first 
and at the base last. How our allelic pairs Br-br, and notably Pt-pt, 
affect these complicated relationships, is a question which requires 
detailed anatomical studies. In the region where leaf width differ- 
entiation by Pt-pt is maximal, we found in measuring young growing 
leaves, that these differences originate at a very early, probably 
primordial, stage. 

The present study deals with the effects of known alleles on the 
gross morphology of the full grown leaf. WENT (1951) suggested to 
kre: consider leaf form as a synthesis of two separate tendencies 
which are independently controlled .…...: a tendency to linear 
development of veins, and to surface development of mesophyll”. 
He argues that a decrease in amount of mesophyll results in narrow- 
ing of the distance between the veins, which implies a more acute 
angle of venation and a narrower leaf blade, while the veins retain 
the same length. Our findings give support to this hypothesis, since 
Pt can be regarded as a factor which reduces the amount of mesophyll 
in the way described by WENr, In the first place, Pt makes both the 
blade and the wing narrower, and makes the angle of venation acute. 
Secondly, Pt does not affect the length of the lateral veins, and affects 
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their number only insomuch as it reduces mesophyll growth at the 
base (section 4). Admittedly, Pt does increase midrib length in the 
region of maximum (leaf) length, but this effect is not very large, 
and may be merely a reflection of the higher number of leaves induced 
by Pt (section 3). 

Leaf growth is completed at the base last, and it may be significant 
in this connection that in this region Pt reduces mesophyll develop- 
ment as measured by both wing width and length of petiole (section 
4). The allele br, which acts in addition to Pt-pt, reduces mesophyll 
development at the base only, i.e. does not affect width of the blade. 
Perhaps anatomical studies on the growing leaf would reveal a simple 
‚growth pattern leading to these relationships. 

Regarding growth and habitus of the plant as a whole, we saw 
that Pt 


a) increases during youth growth the speed at which successive 
leaves are following each other (section 5.1), 

b) makes the lower internodes shorter, that is induces a more 
rosette-like habitus (section 5.2), and 

c) increases the total number of leaves. 


Flowering time has been described as the net result of the two 
opposing trends a) and c) (section 5.1), and plant height as the net 
result of the opposing trends b) and c) (section 5.2). The aspects 
a) and b) may in a physiological sense be intimately connected. 
Finally, it was found after eliminating the joint effects of Pt-pt 
on a), b), and c), #.e. by making within-genotype comparisons between 
the three characters, that on the one hand there is no correlation be- 
tween rate of leaf production during youth growth and total number 
of leaves (section 5.1), and that on the other hand there is a high 
positive correlation between degree of rosette habitus and total 
number of leaves (section 5.2). 

The present study on leaf shape and on development and habitus 
‚of the plant, therefore, reveals a complex of character differences 
which is ultimately governed by one factor, viz. the allelic pair Pt-pt. 
It is a challenge to plant physiologists to trace the underlying causal 
network. The authors feel that for this purpose it is necessary to use 
an environment which is homogeneous in space and constant in 


time. 
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7. SUMMARY 


The allele Pt was found to affect leaf width, angle of venation, 
wing width, length of leaf base (or petiole), number of leaves, rate 
of leaf production during youth growth, and internode pattern. Its 
effect on leaf shape was discussed in terms of amount of mesophyll, 
since no effect on length of veins was found. The allele Br has a large 
influence on wing width. 

The need is stressed for anatomical and physiological studies of 
the processes underlying these complex relationships. 
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PLATE I. Leaf variations induced by X-—irradiation. 


Top. — Leaves showing asymmetrical lobation; leaves 5 and 6 are from 


normal plants. 

Middle. — Left-asymmetrical and normal leaves. Middle and right-degrees of 
bifurcation of leaves. 

Bottom. — Left-bifurcation of petiole leading to two leaves on the same petiole 
and forking of one of the leaves. Middle — fusion of laminae from 
two nodes. Right-leaf with highly reduced lamina along with normal 


olitorius leaf. 
Bottom right figure is olitorius; all others are capsularis. 


BBAT ERIS 


Top. — Left-leaves l and 3 showing chlorosis and discolouration; leaf 2, 
normal. Right — a mutant plant with highly reduced leaves at the 
right and normal plant of similar age at the left. 

Bottom. — Left and middle-trifurcation and bifurcation of stem. Right- 
rebifurcation. 


Bottom right figure is olitorius, all others are capsularis. 
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Extensive work has been carried out on the effects of X-rays on 
plant and animal material. Since the classical experiments of MULLER 
(1927) and STADLER (1928) on the induction of variations by irradi- 
ation, two schools of thought on the nature of induced changes have 
developed: the Murrer school which has held that majority of the 
induced variations, other than proven lethals, represent intragenic 
mutations and tend to simulate spontaneous variations and to this 
extent, variability so useful in programmes of crop and animal 
improvement is increased (MULLER, 1954); the second school repre- 
sented by STADLER and co-workers holds that induced variations 
are extragenic in origin, mostly lethal or sub-lethal, and the non- 
lethal ones are probably a result of deletion of the components of a 
complex locus leaving at least one of the sub-units intact (STADLER, 
1954). On the last account, STADLER felt that even the spontaneous 
variations may represent extragenic events. 

Use of radiation-induced variations in plant improvement has 
shown that economically useful characters occasionally result from 
_ irradiation although it is not clear whether such changes are extragenic 
or intragenic. Work of SEARS (1957) on production of rust resistance 
in wheat, KOoNZAK (1954) on rust resistance in oats, GREGORY (1955) 
on production of high yielding peanuts and the now almost classical 
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erectoides mutants in barley (GUSTAFFSSON & Coworkers) are among 
such examples of the use of radiation-induced mutations. 

Irradiation studies on the two cultivated species of jute, viz. 
Corchorus capsularis and C. olitorius, have been reported by KUNDU 
(1944, 1946) and JacoB (1949-51). KuNpu treated dormant seeds of 
both species with soft, medium and penetrating X-rays and soaked 
seeds of both with penetrating rays. He reported stimulation of 
germination in case of dormant-treated seeds of C. capsularis. 
Bifurcation of stem, delay in flowering and profuse branching were 
also observed by him. Few characteristic changes were reported by 
him as a result of irradiation. However, the scarcity of morphological 
variations in his studies may now be ascribed to the relatively low 
doses (202.5 r to 6720 r) employed by him. JAcoB (1949-S51) treated 
with different doses of X-rays seeds of two varieties each of C. capsu- 
laris and C. olitorius. He reported that treated seeds of both species 
show better germination though, in this respect, olitorius responds 
better. While the height and basal diameter of Xi individuals, 
derived from treated seeds, showed greater range as compared to 
controls, the maxima for height or basal diameter in case of different 
varieties were attained in different doses and not at the maximum 
dose. He also reported branching at different levels and bifurcations 
of stem. 

The present work on irradiation of jute was undertaken as a part 
of the programme to increase variability in the two cultivated species 
and, in general, to evaluate the effects of X-rays on jute. For this 
purpose, seeds of two improved strains, JRC-212 of C. capsularis 
and JRO-632 of C. olitorius, were irradiated in 1952 and 1953. Both 
JRC-212 and JRO-632 are full-green strains and have been inbred 
several years. The treatment carried out in 1952 was of an exploratory 
nature intended to yield some idea of the tolerance of dormant and 
soaked jute seeds to both hard and soft X-rays. Doses ranging from 
S00r to 7,500r in case of soft rays at 45 K.V.P. and 2,500 r to 
20,000 r in case of hard rays at 200 K.V.P. were used during 1952. In 
1953, the doses ranged from 1,000 r to 30,000 r for soaked and 5,000 r to 


40,000 r for dry seeds. The results of 1952 and 1953 treatments are 
presented below. 
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1952 treatment 

Treated seeds, along with dormant and soaked controls, were 
sown directly in the field. The number of seeds sown and germinated, 
and the percentage of germination in various treatments are presented 
in table [. 


TABLE Ì 


Germination record of 1952 treatments 


Capsularis Olitorius 
KVP en No. of No. of en No. of No. of en 
seeds nation seeds nation 
seeds Ee 4 seeds ke En Ë 
EA, g per Katt germi per 
nated centage nated centage 
Soaked 
45 500 r 216 127 58.80 195 64 32.82 
1,000 r 216 91 42.13 217 92 42.40 
2,500 r 216 112 51.85 215 83 38.60 
5,000 r 211 124 58.77 216 92 42.59 
7,500 r 216 73 33.80 191 53 211 
200 2,500 r 138 74 53.62 139 40 28.78 
5,000 r 217 120 DO 216 96 44,44 
10,000 r 210 712 34.29 160 52 32.50 
15,000 r 216 110 50.93 17 15 41.90 
20,000 r 216 141 65.28 190 95 50.00 
Control 144 | 86 59.72 144 56 38.89 
Dormant 
45 2,500 r 216 130 60.19 216 147 68.06 
5,000 r 216 137 43.43 217 127 58.53 
10.000 r 7 189 87.10 222 91 40.99 
15,000 r 217 126 58.06 216 84 38.89 
20,000 r 216 107 49.54 210 62 29.52 
200 2,500 r 216 153 70.83 208 74 Soto 
5,000 r 216 142 65.74 208 124 59.61 
10,000 r 216 165 76.39 208 130 62.50 
15,000 r 214 169 78.97 216 150 69.44 
20,000 r 25 138 6359 214 Jel, 54.67 
Control 144 105 122 144 115 79.86 


Soon after sowing, a short period of drought ensued and it is possible 
_ that germination may have been affected as a result. In general, 
soaked seeds, both treated and the control, showed lower germination 


54 B. C. KUNDU, K. GHOSH AND M. S. SARMA 


as compared to dry seeds. In capsularis soaked treatments, germi- 
nation ranged from 33.80 to 65.28% as against 59.72% of control 
whereas in dry treatments it was 43.43 to 87.10% as compared to 
72.92, in case of control. In olitorius the figures were 27.75 to 
50.00% and 38.89% for soaked and 29.52 to 69.44% and 79.86% 
for dry treatments. From the data, it was difficult to draw conclusions 
on the effects of increasing dosage on germination since no relation 
could be established between the dose and the percentage of germi- 
nation. However, this indicated scope for further increase in dosage. 

Morphological differences, vigour, variations in time of maturity 
and other deviations from normal were scored at successive stages 
of growth. Though abnormalities of leaf, stem and other characters 
were frequent, it was not possible to correlate the frequency of 
morphological differences with doses of treatment. Selections for 
maturity, stem and leaf abnormalities and other morphological 
aberrations were studied in successive years along with selections of 
apparently normal plants and these provided some lethal and non- 
lethal mutations. 


1953 treatment 

In 1953, some of the lower doses were excluded, and seeds of the 
two strains were again treated. Doses higher than in 1952 were used 
but as hard rays were not available, only soft rays at 45 K.V.P. were 
employed. Details of germination in different treatments and controls 
are given in table II. 


For soaked treatments, germination varied from 12.76 to 65.44%, 
as compared to 46.30% of control in capsularis and from 50.46 to 
15.46% as against 67.59% of control in olitorius. Among dry treat- 
ments, the figures were 40.28 to 53.70% and 56.94% in capsularis 
and 42,59 to 56.94% and 81.026% in olitorius. Treatments of olitorius 
dormant seeds differ from the rest since both in 1952 and in 1953, 
germination of treated materials was about 30% below control. The 
range and mean percentage of germination for the two years for treated. 
and untreated populations are presented in table III. 


Itis thus apparent that among the doses so far employed, dormant 
olitorius seeds are, in general, more drastically affected than others. 
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TABLE II 
Germination record of 1953 treatments 
capsularis olitorius 
Dose No. of jak Es En No. of ener er 
Hr ee „ nation En seeds nation 
Son germil- per- gon germi- per- 
nated centage nated centage 
Soaked 
treatments 
1,000 r 216 126 58.33 216 117 54.17 
2,500 r 163 107 65.64 216 144 66.67 
5,000 r 210 88 41.90 216 118 54.63 
10,000 r 179 101 56.42 216 163 75.46 
15,000 r 216 111 DI=S9 216 151 69.91 
20,000 r 216 7 B 216 146 67.59 
25,000 r 196 25 12.76 216 109 50.46 
30,000 r 197 26 14.69 216 109 50.46 
Control 216 100 46.30 216 146 67.59 
Dormant 
treatments 
5,000 r 216 111 51.39 216 111 ole) 
10,000 r 216 116 53.70 216 95 43.98 
15,000 r 216 98 45.37 216 93 43.06 
20,000 r 216 87 40.28 216 99 45.83 
25,000 r 216 90 41.67 216 123 56.94 
30,000 r 216 90 41.67 216 92 42.59 
35,000 r 216 93 43.06 216 104 48.15 
40,000 r 216 92 42.59 216 108 50.00 
Control 216 123 56.94 216 175 81.02 
TABLE II 
Average percentage of germination (1952, 19 53) 
capsularis capsularis olitovius olitorius 
Neat soaked dormant soaked dormant 
Range Average Range Average | Range Average | Range Average 
1952 | Treated |33.80-| 50.48 [43.43- 65.38 |27.75-| 38.18 [29.52 51.78 
3 65.28 87.10 50.00 69.44 
Control — 59.72 — 12:92 — 38.89 — 79.86 
(a 1953 | Treated |12.76- 41.75 |40.28-| 44.97 |S0.46— 61.17 |42.59-—| 47.74 
E: 65.64 53.70 75.46 56.94 
Control — 46.30 — 56.94 — 67.59 ee 81.02 
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However, reduction in germination was not lowest in the lowest 
doses used not highest in the highest treatments employed. Again, 
no correlation could be drawn between the percentage of germination 
and the treatment applied. 

Morphological abnormalities in 1953 were similar to those observed 
in 1952 and were scored at early and mature stages of plants. Some 
of the aberrations observed in the treatment generation (Xi) in respect 
of leaf and stem in 1952 and 1953 are described below. 


Abnormalities of leaf 

In both years, early stage variations were found to consist mostly 
of irregular growth of the leaf margin on the two sides of the midrib 
leading to curvature and asymmetry, deep and irregular serrations, 
lobation, occasional sudden tapering about the middle, varying 
degrees of forking and reforking of leaf, petioles bearing two blades 
probably due to bifurcation and spiralised instead of straight 
petioles. Some instances were noticed in which the lamina failed to 
unfold and formed, as a result, a funnel-shaped structure. Occasion- 
ally, one half of the blade showed only rudimentary growth while the 
other half was normal. There were also instances in which both lobes 
failed to develop normally and only a strip of lamina appeared on 
either side of the midrib. In one case laminae developed from both 
dorsal and ventral sides of the midrib leading to the formation of 
two leaves fused together at the midrib. In another, the laminae of 
two successive leaves were joined while the petioles remained free. 
The usual ovate-oblong leaf of both capsularis and olitorius, charac- 
terised by the presence of basal awns, was changed in some cases to 
cordate shape completely devoid of the basal awns. Varying degrees 
of discolouration were also very frequent; such leaves were pale with 
minute, faint yellow dots. Chlorosis of leaves as shown by dots or 
patches of yellowish colour was also common. The most frequent 
change, however, was discolouration and curvature (asymmetry) 
of leaf. 

In majority of plants, variations were restricted to a small humber 
of leaves, the same plant often exhibiting two or more variations. 
Leaf abnormalities are pronounced among those unfolding when 
plants are two to six weeks old and are rarely met with in seedlings 
that are less than two weeks of age. Leaves on most of the mature X 


X-RADIATION IN CORCHORUS 97 


plants, however, tend to be normal and it thus appears that leaves 
formed at late stages of a plant are less subject to the immediate 
effects of irradiation. There have been a limited number of instances 
when all leaves of an adult plant appeared to be abnormal. 


Stem abnormalities 

As compared to leaf, stem exhibits a lower degree of plasticity. 
The most frequent abnormality of stem is bifurcation (forking). In 
addition, rebifurcation, trifurcation, flattening and twisting of stem, 
frequent reduction in the length of internodes leading to crowding 
of leaves at the top (bunchy top) were also observed. There were plants 
showing furrowing of stem along the length, alternation of elongated 
and shortened internodes or even occasional suppression of internodes 
when the leaves subtended by two successive nodes appeared to be 
opposite. 

Unlike leaf variations, which appear to be restricted to fairly early 
stages of growth, abnormalities of stem seem to occur at any stage. 
Bifurcation or rarely trifurcation of stem has been seen to occur in 
plants 8-10 weeks old as also among seedlings. Flattening is usually 
a late stage variation, infrequent among seedlings. The branches of a 
bifurcated plant frequently show differences in morphological charac- 
ters and maturity; one of the branches may have normal-looking 
leaves, and the other, asymmetrical leaves; one may be early and the 
other, late; one flattened and the other normal; one may be sterile 
and the other fertile, or both may be fertile. Although there were many 
cases in which the plant was normal in all respects except for the 
bifurcation, very few of the bifurcated plants showed identical 
aberration in both branches. Flattened branches usually bore sterile 


flowers. 


Other abnormalities 
Majority of Xj plants were similar to the untreated ones in maturity. 
__Amongst those which showed deviations in flowering time and range, 
plants showing earliness were more frequent as compared to those 
showing delayed maturity. 
__ Variations in shape, size and surface of fruits were observed in a 
number of instances. The two branches of a bifurcated plant frequently 
_differed in these characteristics; combinations of small-large or rough- 
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smooth pods in capsularis and stumpy-normal pods in olitorius were 
fairly common. There were many in which only one of the branches 
was aberrant, the other being normal. Such chimaeral behaviour was 
also observed among plants which showed normal branching instead 
of bifurcation. Sterility as evidenced by the absence of fruit or seed 
setting was scored in all treatments. Capsularis showed a higher degree 
of such sterility as compared to olitorius and soaked treatments 
tended to have a larger proportion of such sterile plants. Early and 
late stage variations and sterility scored in the X; plants are presented 
in table IV. 


Xs and subseguent generations: 1952 treatment 

49 capsularis and 22 olitorius X3 selections, some normal but many 
of them exhibiting morphological deviations were studied in the next 
generation. The X; abnormalities studied in the Xs consisted mainly 
of stem bifurcation, twisted stem, suppressed internodes, short 
internodes, irregular serrations of leaf and leaf forking. When the two 
branches of a bifurcated X plant showed different characters, seeds 
collected from each branch were sown separately. A majority of 
plants, both from aberrant and normal classes, gave rise to wholly 
normal progeny; none of the abnormalities, including bifurcations 
of stem and leaf, bred true. 

Two mutations from capsularis were noticed in the Xs generation. 
These are (1) undulate leaf and (2) tip dying. In the X3 generation 
of a selection of olitorius, another mutation — the short internode 
type — was observed. A parallel mutation for the short internode 
character was observed in the X4 among the progeny of a different 
Xi selection. Four more mutations were observed in capsularis in the 
Xa generation in 1955: (1) coppery-red pigmentation pattern similar 
that common in nature, (2) narrow leaf, (3) discoloured leaf and (4) 
chlorosis; coppery red and chlorotic mutants are derived from separate 
Xz2 selections of the same normal — looking X4 plant belonging to the 
45 K.V.P., 2,500 r, dry treatment. 


1953 treatment 

Seeds of 26 capsularis X4 plants, of which 19 were aberrants repre- 
senting leaf variations, bifurcations, flattening of stem, albinos, 
differences in pod size and maturity were grown in Xs. Of the 13 


29 


5 


JT 


X-RADIATION IN CORCHORL 


000 0 000 0 000 0 S41 000 0) (ojome) e) 00'0 0 Ez jomuog 
00'0 0 IPTE Sie BERG) OE 801 OEZ e OE Tp gE es’ Ig SZ €6 000‘or 
Z6'0 l eT'61 Oz GIS le vOl OEE c e9LE GRE 49:99 9 6 000'se 
000 0 IAA Iz S9'0Oz 61 €6 ERE 8 Kierz 61 Ae) SS 06 000‘oe 
vv € LO'Y 5 88 9 ecI OTT l EEE Oz L9'9S IS 06 000'sz 
000 0 Oz & SOS G 66 000 0 SLS S 84°9E Ge L8 000‘0z 
00'O 0 ETE € 508 3, €6 000 0 elo) l 816 6 86 000's1 
00'0 0 GO l TLZ Z 56 00'O e) 00'O 0 Spe id 911 0000 
00'0 0 000 0) 00° 0 UI 00° (9) 000 (e) 09e 4 ELI 000's 
ueurIod 
00'0 e) 000 0) 00'O 0 91 00'O (e) 000 0 000 e) OOT [en uog 
000 0 98 6 60'OI 8 601 00'0 0 T6'9 /À LL'OE 8 9% 000°OE 
Z6'0 l E61 el 8971 91 601 008 c 00'8r et 00'Op Ol Se 000'sz 
Tre S LEO SI 9601 Oi 91 Oz'r € EIC 9 Er Le 14 000‘0z 
OEI À 66'1 8 66'1 8 ISI Ops 9 eq ve gE veh Lv 08: 000“sT 
OEI z Si A 4 LO'€ S eg] 162 8 S9'PE Se 6S'Op 184 LOI 000“OT 
000 (0) 00'0 0 00'0 0 811 OT I 16'S1 vl ELET or 88 000's 
00'0 0 69'0 l 69'0 [ vrl 00'0 [e) L8'1 6 08'z 6 LOI OOS ‘z 
000 0 68'0 l 58'0 l VAR 00'0 (e) BEZ e 64°0 l Se 00O“T 
Paxyeos 
En aq ajer over Area ae quo0z0d aq oer orer Area Ájreo 
-UNN |3U90I0d | ‘ON |FuHOId | CON “WAN [3u9MIAd| ON |JU9MIAd | ‘ON syuerd 
L sjuerd 2 
ÁWTHoIS Sor TjeuIIougy Jo ON ÁM[HOIS Sone uIougy Ate ie 
SN1A0IU0 SUDINSTDD N 


A 


€561 ‘worpvaousd Ly og Ui Aarrsogs puw sonrppurougD o8vs o7v PUD KUDA ° AT VIAVI, 


60 B. C. KUNDU, K. GHOSH AND M. S. SARMA 


olitorius Xi selections propagated in X2, 5 were derived from ap- 
parently normal plants. 

Five capsularis selections for the small pod character, four of them 
from plants showing bifurcation, were studied; two of these, one 
derived from a bifurcated plant and the other from a plant having all 
leaves with deep serrations, gave rise to individuals, a proportion of 
which showed the small pod character. All other morphological 
abnormalities observed in Xj proved to be nonheritable. 

Besides the true breeding small pod type, two new mutations were 
recorded in X2: (i) a new pigmentation pattern of capsularis and (ü) 
a drooping leaf type of olitorius, both so far unknown in nature and 
associated with sterility. Mutations derived from different treatments 
of 1952 and 1953 and the generation in which they were first observed 
are listed in table V. 


TABLE V. Mutations and their source 


Genee: Source 
Mutation ation ob- Ì 
served KVP Dose peak Year enn 
dry 
1. Short internode, X3 45 5,000 r | Soaked | 1952 Olitorius 
stumpy pod 
— do — X4 45 7,500 r 2 pe 55 
2. Pigmented 
mutant Xa 45 | 40,000 r Dry 1953 | Capsularis 
3. Small pod Xi 45 25,000 r | Soaked ne 5 
— do — Xi 45 | 40,000 r Dry är 3 
4. Narrow leaf Xa 200 2,500 r en 1952 B 
5. Tip dying Xa 200 5,000 r RE 15 A5 
6. Yellow tip X3 45 | 40,000 r 3 1953 5 
7. Undulate leaf Xa 200 10,000 r ad 1952 ie 
8. Coppery red X4 45 2,500 r B RA a 
9. Chlorosis Xa 45 2,500 r a 5 
10. Discoloured leaf Xa 200 10,000 r si He je 
11. Drooping leaf Xa 45 30,000 r De 1953 Olitorius 


Some of the mutants induced by irradiation are phenotypically 
similar to the spontaneous ones observed in jute. These imitations of 
nature are also different from other induced mutations as they do not 
show any evidence of sterility common among induced mutations. 
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In this class may be included the undulate leaf, of which the spon- 
taneous type has been described by DAs Gurra and GHosH (1955), 
the coppery-red pigmentation pattern so frequently met with in 
nature (PATEL ef al, 1944) and small pod observed in indigenous and 
exotic collections of capsularis. Discoloured leaf is rarely met with in 
nature but chlorisis is not uncommon, particularly in capsularis. 
Narrow leaf types also occur in nature but narrowness in the induced 
form is more pronounced though the trait is evident only in the 
juvenile stages of the mutant plant. The spontaneous small pod type 
bears fruits that are somewhat larger than those of the induced types. 
Behaviour of some of the induced mutations is discussed below: 


1. Short internode, stumpy pod (olitorius) 

This mutant is characterised by internodes shorter than in normal, 
nodes that are slightly swollen and thus prominent, and short, stumpy 
pods. The plants are about two weeks later in maturity, weak and 
partially female sterile. From early stages (6-7 leaf stage) right up to 
the mature stage, the characters of the mutant are distinct. 

The first short internode, stumpy pod mutant was derived from a 
plant belonging to 45 K.V.P., 5,000 r, soaked treatment of 1952. 
The Xi; plant had petioles of all leaves placed almost horzontally with 
the stem axis and some of the leaves had margins folded inwards. 
The Xa plot consisted of some plants which were weak though a 
majority was normal. All the weak plants except one failed to set 
fruit. This weak plant had eight pods and seeds of each pod were planted 
separately in X3. Whereas in normal olstorius the number of seeds in 
a pod range from 100 to 200, the pods from the weak plants had only 
4 to 96 seeds. Seeds from three pods failed to germinate; three others 
produced one normal plant each. Fair germination was obtained in 
case of one pod, but all the resulting plants were normal. The re- 
maining pod, however, gave eight plants, five of which turned out 
to be the short internode mutants and the other three were normal. 

A parallel mutation was obtained in 1955 among the progeny of a 
selection from the 45 K.V.P., 7,500 r soaked treatment. The Xi 


plant in this case was bifurcated and one of the branches was flattened. 


Its Xs and X3 progeny were normal and the mutation was noticed 


as a segregant in the X4 generation. 
All three normals from the X3 family segregating five short inter- 
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node and three normal were selected and grown in X4. These were 
found to segregate in a 3 normal: 1 short internode ratio as follows: 


Nn 


Selection EN dd a Short Total 
No. internode 
3786 77 25 102 
3789 97 37 134 
3791 81 19 100 
Total 255 81 336 
Ezpa(Ssl) 252.00 84.00 336.00 
Xa 0.0357 0.1071 0.1428 
P —= 0.80-—0.70 


The inheritance of the character was also studied in crosses. It was 
crossed as male parent to a normal type. The short internode type was 
not used as female parent since the plants were weak and partially 
female sterile. The Fj's were normal and in the Fs the families segre- 


gated for the character as follows: 


EF ion | 
1 selection en Short Total 
No. | internode 
55-8103 97 32 129 
55-8108 258 90 348 
Total Sa) 122 477 
Expa(Ssi) GlorAwi5 119.25 477.00 
Xa 0.021 1 0.0634 0.0845 
P —= 0.80-0.70 


Evidence from the segregation of heterozygous normals and the 
F2 families indicates that the short internode character induced by 
X-rays is a recessive change at a single newly identified locus which 
is designated Ni. The short internode, stumpy pod plants carry ui mi. 
The factor controls more than one character and, according to present 
data, is pleiotropic in action. 


2. Pigmented mutant (capsularis) 
The X2 progeny of an apparently normal but bifurcated Xa plant 
from the 45 K.V.P., 40,000 r dry treatment of 1953 segregated. giving 
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136 full-green and 40 pigmented mutant plants. The pigmented plants 
are full-green and thus similar to normals till they are six to seven 
weeks old. At this stage, the stem develops coppery-red colour which 
soon changes from the base upwards to dark-coppery-red. The ovules 
of the mutant individuals are pink in contrast to the colourless ovules 
of normals and both in size and weight, seeds of mutant plants average 
about half of those of normal. Further, endosperm of seeds is imperfect- 
ly developed and as a result, mutant seeds have extremely low 
capacity for germination. 

This variation has been studied in crosses. The mutant phenotype 
has been found to be associated with a recessive change at a newly 
identified locus, designated Pi. The double recessive pi pi, producing 
the mutant phenotype, is active only in presence of homozygous R 
(the pigment reducer factor described by PATEL et al, 1944) and is 
epistatic over both alleles of C. A complete report on this new factor 
will be published elsewhere. 


3. Small pod character (capsularis) 

This variation was observed in the Xi generation in five different 

plants but two, one belonging to the 45 K.V.P., 25,000 r‚ soaked and 
the other to the 45 K.V.P., 40,000 r dry treatments of 1953 bred true. 
The former was a bifurcated plant in which one branch was late and 
the other, early in maturity. Both branches, however, forked once 
more but branches from the late branch bore small pods whereas 
branches from the other had pods of normal size. The variation from 
the 40,000r treatment was derived from an Xi plant which had 
deeply serrated, discoloured leaves bearing only small pods. 
_ Length and breadth of mature capsules of normal and small pod 
plants from plots segregating for the character and those of the 
untreated (control) were measured and the averages along with the 
size index (length x breadth) are given below: 


Length 
No. of pods | Pod length | Pod breadth k, 
ee measured. (cms.) (cms.) Mn 
Small pod 122 0.79 0.79 0.63 
Normal (from 
seg. family) 92 1.03 0.98 L.O1 
Untreated 98 1.00 1.04 1.04 
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The small pod character is not associated with any type of sterility 
and the plants are fully fertile. Selections from both materials were 
grown in Xa but the families were not scored for segregation. How- 
ever, two Xe selections from the 25,000 r and one from the 40,000 r 
treatments, all three representing the small pod type, were grown 
in the X3. The X3 families segregated for pod size as shown under: 


nnn 


Small pod Normal Total 
25,0004r (1) 26 18 44 
(2) 25 44 95 
40,00 Or (1) 18 15 33 
Total 96 77 173 


This segregation is in excellent accord with a 9 small pod: 7 normal 
pod ratio. It is thus apparent that the induced small pod character 
is a result of interaction of two complementary factors, the presence 
of both of which in a dominant state appears to be necessary for 
expression of the phenotype. As such, the mutation from normal to 
small pod type seems to be the outcome of change of two recessive 
factors to the dominant state. Further studies are necessary before 
the factors involved are designated. 


4. Narrow leaf (capsularis) 

This is an early stage variation in which all leaves of the young 
plant are narrow, almost lanceolate and lighter coloured when young 
but darker than normal when about four to six weeks old. As plants 
grow older, new leaves that are more nearly ovate and similar to 
normal are formed and the plants are indistinguishable from normal 
from about six weeks to a month prior to flowering. Transmission of 
gametes in this mutant appears to be normal. 

The character was observed in X4 among the seedlings raised from 
two selections, both of which traced back to a single, apparently 
normal Xi plant of the 200 K.V.P., 2,500 r dry treatment of 1952. 


Normal leaf | Narrow leaf Total 
Cx 52-7447—3610-3107 613 176 789 
Cx 52-7447—3615-3144 564 170 734 


Total 1172 346 1523 
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The behaviour of the two families is given above. 

The data on segregation of heterozygous normal plants are a good 
fit for a 49 normal: 15 narrow leaf ratio: this appears to indicate 
that the mutation is a recessive non-lethal change, probably affecting 
three loci. The trait was not studied in crosses. 


5. Tip dying (capsularis) 

This variation was observed as a segregant in the Xa generation 
of a selection from 1952 treatment. The X4 plant from 200 K.V.P., 
5,000r dry treatment exhibited some asymmetrical leaves with 
vestigial awns. The X> progeny appeared to be normal till about four 
weeks after sowing when some of them developed narrow and rudi- 
mentary apical leaves. Very soon, these plants cease to grow, the top 
leaves dry up and no new leaves are put forth. When the apical 
meristem stops functioning, some of the axillary buds take over and 
side shoots develop; the plant continues to live for two or three weeks 
more but even the stem tips of axillary branches deteriorate and the 
plant fails to flower. The mutation is thus associated with complete 
sterility and all mutant plants die four to six weeks before the maturity 
of normal sibs. 

The Xs progeny segregated giving 254 normals and 55 tip dying 
variants; this approximates to a ratio of 13 : 3. Since the mutant is 
completely sterile, it is difficult to study it in crosses. When normal 
selections from X families were grown in Xg, about half the families 
were normal showing no segregation for the character while the other 
half consisted of families segregating normal: mutant as 3 : 1, 13 : 3 
or 14 : 2. The variety in segregation in Xg and subsequent generations 
indicates that the character is controlled by more than one factor. 
The mutant is maintained by growing an adequate number of normal 
selections from segregating families. 


6. Yellow tip (capsularis) 

This variation was observed in the X3 generation of a selection 
from 45 K.V.P., 40,000 r dry treatment of 1953. The Xj selection 
showed bifurcation of stem but its leaves were green as in normals. 
Since the plant was vigorous, it was included in a breeding trial; the 
culture did not show any abnormality in Xe. Selections of Xa were 
studied in the next generation and progeny of one of the selections 
_ was found to segregate for this character. 
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The mutant is distinguishable even when the plants are two or 
three weeks old by the yellowish appearance of the apical leaves 
though the basal leaves are normal and green. Growth is practically 
normal for about two months after which it is greatly retarded and 
stem tip gradually ceases to function. All axillary branches have 
yellow leaves and yellow tips and occasionally produce rudimentary 
flower buds which also are yellow. Such buds are nonfunctional and 
the plants are completely sterile. As in the case of tip dying mutation, 
the yellow tip trait is maintained through heterozygous normals. 

In the X3 generation, when it was first observed, 269 normal and 
61 yellow tip progeny were counted in the segregating culture. This 
forms an excellent fit for a 13 : 3 expectation. Seeds from 28 normal 
plants were grown in Xa; 14 did not segregate for the yellow tip 
character. On the assumption that two factors control the character, 
the mutant phenotype would be expected to occur as a recessive 
segregant in 6/13 of these families. On the basis of the initial 13 normal: 
3 mutant segregation in X3 suggesting hypostasis of the yellow tip 
character and the occurrence in the subsequent generation of equal 
number of segregating and nonsegregating families, it is probable 
that the yellow tip variation represents interaction of changes at two 
loci. Tests on heterozygous normals are necessary before locating the 
exact relations of loci suggested by the behaviour of normal selections. 


7. Umndulate leaf (capsularis) 

This leaf variation was isolated from the progeny of an Xi plant 
from the 200 K.V.P., 10,000 r dry treatment of 1952 showing irregular 
serrations of leaves even at the mature stage. Of the 45 individuals 
comprising the X» family, only 5 had undulate leaves. These leaves 
are similar to the spontaneous undulate type though the degree of 
waviness of leaf margins is somewhat less. Three of the normal 
selections were studied in the X3 and all three segregated for the 
character. Normal and undulate selections from these were studied 
till the X& generation and it was observed that during all these years, 
all cultures, both normal and undulate, segregated. Normal selections 
segregated always giving more normal progeny. But selections of 
variants were found to give indifferent proportions of variant and 
normal, normals sometimes exceeding the variants. 
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8. Coppery red (capsularis) 

The X4 progeny of a normal-looking Xi selection from the 45 
K.V.P., 2,500 r, dry treatment of 1952 was found to segregate into 
full-green and coppery-red types in the ratio of 1 : 1. This coppery- 
red pattern is almost similar to the naturally occurring type described 
by PATEL et al (1944) except for the slight intensity of pigment in the 
basal regions. The pigmentation pattern here is distinct from that of 
the X-ray — induced pigmented mutant described earlier; the pigment 
which is discernible from the beginning is not dark-coppery-red and 
ovules are colourless as in normals. 


Discussion 

Treatment with low doses of X-rays in cereals is associated with 
increases in germinability, faster germination and better seedling 
growth in X; generation but this stimulation is not observed when 
high doses are used (Mac Key, 1957). In jute, stimulation of germi- 
nation due to treatment is not noticed; on the other hand slight 
reduction is observed in most cases. Further, in olstorius dry treat- 
ments, during both years, the average for treated seeds is about 30% 
below that of the untreated. Individual treatments sometimes give 
better germination than the untreated but it is difficult to ascribe 
this to the radiation — induced stimulation since data do not indicate 
such dose-rate relationship in respect of germinability. Early and 
mature stage variations were scored for all X1 plants of the 1953 
treatment. The total number of abnormalities at either stage shows 
a tendency to increase with dose in case of dormant seeds of both 
species. This increase is not gradual; doses below 20,000 r for capsu- 
laris and 30,000 r for olitorius induce relatively few variations (Table 
IV, p. 59). Based on effects in Xi, such doses may be considered as com- 
paratively ineffective for dormant seeds of both species. For soaked 
seeds, the effective doses begin at 5000 r for capsularis and 20,000 r for 
olitorius. However, in both species, the number of plants showing abnor- 
malities is lower than in case of dormant seed treatments and there is a 
sudden fall in the number of morphological variations at the highest 
dose, 30,000 r,‚ employed. 

Sterility as indicated by the lack of fruit or seed setting seems lend 


some support to the idea of effective doses observed in case of abnor- 


_malities; no sterile plants are noticed in capsularis dormant seed treat- 
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ments below 25,000 r and in olitorius dormant seed treatments below 
30,000 r. The limits for soaked seeds are lower — 5,000 r in capsularis 
and 10,000 r in olitorius. The curve for sterility in case of soaked 
seeds follows the general pattern noticed in case of abnormalities; 
it reaches a peak and in higher doses there is a fall in the proportion 
of sterile plants. Further, olitorius exhibits a lower degree of sterility 
than capsularis at corresponding doses. In both species, soaked seeds 
show in X; lower germinability and lower proportion of morpho- 
logical aberrants as compared to dormant seeds and the effective 
doses are also lower. That germinating seeds are more sensitive to 
the action of X-rays is in accord with the observations of KUNDU 
(1946) in jute, KAPLAN in barley (1951) and others. 

Few of the leaf and stem aberrations are transmitted to the X2 
and subsequent generations and, compared to the Xi; plants, progeny 
of later generations is relatively uniform and normal. Abnormalities 
that occur in generations later than in Xi: are, in general, true breeding. 
This difference in the generation of origin of transmissible and non- 
transmissible variations is significant and based on this, majority 
of the X; aberrations may be termed as ‘transient’. The large number 
and diversity of aberrations, most of which are restricted to X7, may 
result from disturbance of the nucleo-cytoplasmic relations due to 
the excitation effect of X-rays, lability of genetic units as a result of 
treatment and their gradual reversal to the normal state in subsequent 
cell generations before the onset of the next plant generation, lethality 
of somatic cells or gametes in chimaeral branches or the whole plant 
resulting from gross chromosomal changes and a variety of other 
causes. 

During the four years, 1952-55, 13 heritable variations, of which 
two were parallel, have been isolated; only three of these were 
obtained from soaked seed treatments. Two independently arisen 
mutations, both for the small pod character, were observed in the 
treatment generation (Xi). In Xs, X3 and X4 generations, 4, 2 and 5 
variations were noticed among which, in order, 3, 2 and 1 are associ- 
ated with partial or complete sterility. Induced mutations such as 
narrow leaf (observed in X4), undulate leaf (Xe), chlorosis (X4), 
coppery-red pigmentation pattern (X4) and small pod (Xi) have some 
similarity with the corresponding types isolated from untreated 
materials but on close examination, they are found to differ from the 
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spontaneous ones; the induced narrow leaf character disappears 
with maturity and is narrower, undulate leaf is less undulate, 
coppery-red is of a darker shade and small pod is smaller than the 
corresponding natural variants. So far, spontaneous counterparts of 
induced sterile and lethal mutations have not been observed. 

In studies so far, selections of small pod have segregated into small 
pod and normal pod types in a complementary factor ratio of 9 : 7 
suggesting the dominance of the small pod character. If normal pod 
type is viewed as a homozygote, recessive for two factors, the small 
pod trait appears to result from a change of the recessive to the 
dominant state. Since the induced change is dominant, it expresses 
in the X4 itself. All other transmissible variations, lethal, sublethal 
or nonlethal were observed in Xs and later generations; some of these 
have been tested with normal (untreated) types but most have been 
studied only through the segregation of heterozygotes and except 
for the coppery-red type, all have been found to behave as re- 
cessives. 

A nonlethal transmissible variation would be expected to express 
in X; itself when it is dominant, unless position effects are involved. 
Changes from recessive to dominant state involving two factors 
situated on different chromosomes may occur (i) in both chromatids 
of one of the two homologous chromosomes of each pair of chromo- 
somes (wholly chromosome), (ii) in a single chromatid of one of the 
two homologous chromosomes of each pair (wholly chromatid) and 
(ii) in one chromatid of one homologue containing one factor and in 
both chromatids of one homologue containing the second factor 
(chromatid-chromosome). If the somatic divisions are not taken 
account of, the expections on the basis of independent assortment 
and complementary action of two factors in producing the small pod 
type in Xe and Xgz generations when seed of the mutant type is 
selected in Xy and Xs would be as follows. (see page 70). 

In the present study, the Xs segregation was not scored and all 
three small pod selections of X2 grown in Xg segregated giving 9 
small pod: 7 normal pod types. On this basis, it is more probable that 
the dominant changes at the two loci belong to the wholly chromatid 
type rather than to the wholly chromosome type. 

Based on evidence from electron microphotographs of chromosomes 


_of higher plants such as Lilium longiflorum, lamp brush chromosomes 
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70 
X3 
Ratio of Ratio of pissen 
Small Normal Small Normal | of Xa selec- 
pod pod pod pod tions showing 
(Domi- (Re- (Domi- (Re- the ratio in 
nant) cessive) nant) cessive) X3 
i) Wholly 9) 7 9 Ze 4/9 
chromosome 6) l 4/9 
all e) 1/9 
ii) Wholly 49 207 9 7 36/49 
chromatid 3 1 12/49 
6 all ©) 1/49 
ji) Chromatid- 21 43 9 7 12/21 
chromosome 3 Ì 8/21 
all 0 1/21 


of Necturus, Triturus and other materials, Ris (1957) has concluded 
that while chromosome consists of two functional chromatids, the 
chromatid itself is made up of a large number of microfibrils. These 
microfibrils may be termed as subchromatids and Ris has opined 
that existence of subdivisions below the chromatid level most satis- 
factorily explains delayed effects of mutagens or appearance of lethals 
in successive generations observed for example, in P32 incorporation 
studies in Amoeba proteus. In studies on jute, the short internode- 
stumpy pod olitorius mutant was observed first among the X3 progeny 
of a selection from 45 K.V.P., 5,000 r soaked treatment and again in 
the X4 generation of a selection belonging to 45 K.V.P., 7,500 r 
soaked treatment. Both are associated with partial female sterility. 
Sublethal and nonlethal mutations have been produced in successive 
generations from Xi to X4, and it is possible that this points to the 
existence in jute chromosomes of sub-divisions below the chromatid 
level. 

Allelism tests on heritable variations, simulating spontaneous 
mutations have not been conducted and except for studies on the 
segregation of heterozygous plants and morphology of segregants, 
no other data are available on these. Two sublethals, the short inter- 
node-stumpy pod okitorius type and the pigmented mutant of capsu- 
laris have, however, been studied in crosses. The former, designated 
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ni, behaves as a single factor recessive segregating in a normal Men- 
delian manner and is associated with partial female sterility. The 
capsularis pigmented mutant, designated pi is, however, dependant 
for its action on the presence of homozygous R, the pigment reducer 
factor described by PATEr, et al (1944) and is epistatic over the C 
alleles. The mutant plants are constitutionally pi pi RR and develop 
seeds with normal embroys but the endosperm of such seeds is 
defective both in crosses with normal and in self pollinations. As 
such, almost all seeds of the mutant fail to germinate. 

Evidence based on segregation of heterozygotes and crosses suggests 
that the induced mutations appear to have resulted from changes at 
one, two or three loci. The olstorius short internode-stumpy pod and 
the capsularis pigmented mutants appear to be recessive changes 
restricted to single loci; the capsularis small pod and yellow tip are 
probably determined by simultaneous changes at two loci in each 
case and among some of the others, it seems that more than two loci 
are affected. Majority of changes, however, are deleterious as the 
radiation induced mutations, in general, are. Such deleterious mutants 
are considered by almost all workers to result from extragenic events, 
such as gross chromosomal abnormalities. In case of those similar 
to natural variations, our present tests are inadequate to attempt a 
distinction between intra- and extragenic changes. 


SUMMARY 


Dormant and soaked seeds of JRC-212 (Corchorus capsularis) and 
JRO-632 (C. olitorius) were treated with varying doses of X-rays 
from 500 r to 40,000 r units in 1952 and 1953. 

While in most treatments reduction in germination is not marked, 
in olitorius dry treatments it is about 30%. However, there does not 
appear to be a dose-rate relationship between the dose of treatment 
and germinability. 

In dry seed treatments, doses below 20,000 r for capsularis and 
30,000 r for olitorius induce relatively few morphological aberrations 
in X; and effective doses may begin at these levels. For soaked seeds 
effective doses appear to begin at 5,000 r for capsularis and 20,000 r 
for olitorius. The proportion of aberrants is lower among plants 


derived from soaked seeds than in those from dormant seeds. For 
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dormant seeds, sterility rises along with increase in morphological 
abnormalities which appear to have some relation with dose. 

Largest number of abnormalities in X; is observed in case of leaf. 
Aberrations of stem and pod follow in order. Bifurcation is the most 
frequent stem abnormality. Most of the early stage leaf variations 
disappear with maturity. 

Majority of the X1 variations are not transmitted to the next 
generation and are thus transient. 

More transmissible variations are obtained from dormant seed treat- 
ments than from soaked and larger number are from capsularis than 
from olitorius. 13 heritable variations, of which two are parallel, have 
been isolated in generations from Xi to X4. Two of these, both repre- 
senting small pod, a dominant change, were observed in Xj. In Xz, 
X3 and X4 generations, 4, 2 and 5 variations were noticed. Among 
these, in order, 3, 2 and 1 are associated with partial or complete 
sterility. 

Narrow leaf (observed in X4), coppery-red (X4), undulate leaf 
(X2), discoloured leaf (X4) and small pod (Xi) are similar though not 
identical with the corresponding spontaneous variations. The others, 
short internode — stumpy pod (X3 and X4) and drooping leaf (Xe), 
both olitortus, pigmented mutant (Xe), tip dying (Xe) and yellow tip 
(X3), all three capsularis, are associated with sterility and have not 
been observed in nature. All mutations observed in generations later 
than Xi, except coppery-red, are recessives. Many of the mutations 
studied appear to be changes at one, two or three loci. 

Two sublethals, short internode-stumpy pod (olitorius) and pig- 
mented mutant (capsularis) have been studied in crosses. The former, 
designated ni, is a recessive change at a single locus. The pigmented 
mutant, designated pi, is also recessive and is dependent for its action 
on the presence of homozygous R,‚ the pigment reducer factor and is 
epistatic over the chromogen factor C. 
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l INTRODUCTION 


The magnitude of the recombination value observed in genetic ex- 
periments with D. melanogaster is greatly affected by environmental 
variables. The three variables studied in the experiment reported 
in this paper have well described effects on recombination. PLOUGH 
(1917) found that recombination fractions in chromosomes IT and III 
were increased when the temperature at which the female fly developed 
was increased or decreased from 25°C. The greatest variation occurred 
in the centromeric regions. Similarly the effect of temperature differ- 
ences upon recombination fractions in the acrocentric X chromosome 
is localised close to the centromere (STERN 1926, MATHER 1939). 
The effect of the age of the female fly on the recombination fraction 
is a fluctuation in recombination values. This is greatest in the first 
48 hours of adult life and the effect is greatest in the centromeric 
regions (BRIDGES 1915, 1927 and ProucH 1917). 

Recombination values may be increased by inversion heterozy- 
gosity in an arm, or a chromosome, other than that being studied. 
Again there is a tendency for an exaggeration of the effect near the 
centromere, but each inversion produces its own pattern of effect 
(STEINBERG and FRASER 1944). 
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The action of these variables on interference is less well known, and 
the available data are limited and somewhat inconclusive. BRIDGES 
(1929), summarising extensive work on the effect of age on recombi- 
nation values in chromosome III showed that coincidence coefficients 
vary in a manner rather similar to that of recombination values 
throughout the life of the adult female. STEINBERG and FRASER (1944) 
found that heterozygosity for the y* inversion increased coincidence 
coefficients (i.e. reduced interference) in chromosome III as well as 
increasing the recombination values. Seven other X-chromosome in- 
versions had no effect on coincidence but all increased the recombi- 
nation values. Data demonstrating the effect of heterozygosity for the 
Curly and the Payne inversions in increasing the recombination values 
in the X-chromosome showed an increase in coincidence. 

RENDEL (1957, 1958) has collected very critical data on the action 
of age and inversion on coincidence and recombination fractions, 
using the sex-linked loci scute, cut and vermilion and the Cy inversion. 
In his initial paper he showed (in agreement with STEINBERG and 
FRASER, 1944) that in the presence of the Cy inversion there is some- 
what less interference than in crosses without the inversion. 

In the later paper, data were presented on the interaction of age 
of female and the presence or absence of the Cy inversion using the 
same three markers. In the crosses without the Cy inversion coinci- 
dence increased as the recombination frequency became less with age, 
but when the Cy inversion was present in the heterozygous condition, 
this trend was reversed (i.e. coincidence decreased with age). 

These interesting results prompted our own investigation into the 
individual and simultaneous effects of temperature, age and inversion 
upon recombination values and interference. The region of the X- 
chromosome chosen for study was that identified by the loci of 
vermilion (v — 33.0) scalloped (sd — 50.5) and carnation (car — 62.5). 
These delimit a segment reasonably close to the centromere of the 
X-chromosome, which is at 66.0. 


2. METHOD 


Data were collected from backcrosses of the four possible hetero- 
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tov sd car males for the following three treatment contrasts in single 
pair matings in $ pint milk bottles. 

(i) Temperature: 20°C and 30°C 

(ij) Age: Age of parent female from O to 3 days, and from 4 to 7 days. 
(ii) Znversion: With and without heterozygosity for the Cy inversion. 


Therefore we have 3 treatments at 2 levels which, in the termino- 
logy of agricultural experimentation may be called a 23 factorial 
experiment. In terms of factorial experimentation, we may let 20°C 
be represented by a, the data with the Cy inversion by b, and the age 
of female from O to 3 days by c. Then the eight possible treatment 
combinations of a 23 factorial experiment are (z), a, b, c, ab, ac, bc and 
abc, the letters a, b, c denoting one of the two treatment levels. Data 
were collected for the eight possible treatment combinations, and are 
presented in the form of 4 x 4 latin squares. 


3. ANALYSIS OF RESULTS 


3. A. Heterogeneity and viability y° tests 

Each latin square was examined for possible heterogeneity by 
means of a general heterogeneity 7? test. For the treatment combi- 
nations (1), b and be heterogeneity y? values are significant (Table 1). 


TABLE |. Latin squaves with vecombination values, C and K coefficients, 
and y? tests for heterogeneity and viability interactions. 
Treatment (r) 


(0) (i) (2) (12) Total 

I 525 126 57 i 709 

u 656 143 113 8 920 
UI 637 147 92 12 888 
Iv 1072 236 183 16 1507 
Total 2890 652 445 37 “4024 


recombination v-sd 17.12 + 0.59 

recombination sd—car 11.98 + 0.51 

recombination v-car 27.26 + 0.70 

C = 0.448 + 0.069 K —= 0.822 + 0.135 

jk for heterogeneity — 18.20 (P < 0.05) 

3 for viability interaction — 3.65 (0.3 < P < 0.5) 
je residual = 14.55 (P < 0.05) 


RECOMBINATION IN DROSOPHILA dad 
Treatment a 
(0) (1) (2) (12) Total 
I 967 219 127 5 1318 
II 1104 269 178 6 1557 
III 1818 435 279 16 2548 
IV 314 76 42 5 437 
Total 4203 999 626 SP) 5860 
recombination v-sd 17.59 + 0.50 
recombination sd—car 11.23 + 0.41 
recombination v-car 27.73 + 0.58 
C —= 0.276 + 0.047 K = 0.498 + 0.088 
„Ja for heterogeneity — 8.32 (0:5 < P <0.7) 
Treatment b 
(0) | (1) (2) (12) Total 
I 708 (AS) 108 15 1010 
II 287 77 81 12 457 
III 540 144 116 ijl 811 
IV 1032 265 237 19 1553 
Total 2567 665 542 5p/ 3831 


_ This y? is based on 6 degrees of freedom because of the low numbers in the 


recombination v-sd 18.85 + 0.63 
recombination sd-—car 15.64 + 0.59 
recombination v-car 31.51 + 0.15 

C = 0.505 + 0.061 K = 0.801 + 0.106 

xÌ for heterogeneity — 21.86 (P < 0.01) 

2 for viability interaction = 3.37 (0.3 < P < 0.5) 


y8 residual — 18.49 (P < 0.01) 


Treatment c 


(0) (1) (2) (12) Total 

Ï 985 228 155 9 1377 

II 67 18 11 2 98 
II 319 84 80 5) 546 
IV 1163 297 206 18 1684 
Total 2588 627 452 38 3705 


recombination v-sd 17.95 + 0.63 
recombination sd-car 13.23 + 0.56 
recombination v-car 29.12 + 0.75 

GEND ASD NO D6EN Li OLAZ 0.120 

x5 for heterogeneity — 8.14 (0.2 < P < 0.3). À 


class. The (12) class is therefore added to the (2) class. 
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(0) (1) (2) (12) Total 
I 1900 Dl 309 28 2768 
II 1520 408 280 22 2230 
III 1341 396 269 21 2027 
IV 1689 432 306 26 2453 
Total 6450 | 1767 1164 97 9478 
recombination v-sd 19.67 + 0.41 
recombination sd—car 13.30 + 0.35 
recombination v-car 30.92 + 0.47 
C = 0.391 + 0.037 HK = 0.632 + 0.064 
x3 for heterogeneity — 9.00 (0.3 < P < 0.5) 
Treatment ac 
(0) (1) (2) (12) Total 
1 737 217 142 11 1107 
TEL 749 226 128 10 1113 
MEEL 1124 317 239 11 1691 
IV 257 58 64 4 383 
Total 2867 818 973 36 4294 
recombination v-sd 19.89 + 0.61 
recombination sd—car 14.18 + 0.53 
recombination v-car 32.39 + 0.71 
C = 0.297 + 0.047 K == 0.459 + 0.076 
x5 for heterogeneity — 12.70 (0.1 < P < 0.2) 
Treatment bc 
(0) (1) (2) (12) Total 
1 449 120 89 10 668 
II 297 90 63 19 469 
III 245 78) 73 D 396 
IV 159 250 196 20 1225 
Total 1750 Wisië: 421 54 2758 


recombination v-sd 21.28 + 0.78 
recombination sd-car 17.22 + 0.72 
34.59 + 0.91 


recombination v-car 
C = 0.534 + 0.065 K == 0.772 + 0.105 

X5 for heterogeneity — 22.21 (P < 0.01) 

x3 for viability interaction — 5.70 (0.1 < P < 0.2) 
Á residual = 16.51 (P < 0.02) 


CENT 
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Treatment abc 


(0) (1) (2) (12) Total 

I 1004 298 221 16 1539 

II 989 278 189 14 1470 
UI | 801 | 241 194 15 1251 
IV 927 246 185 10 1368 
Total 3721 1063 789 55 5628 


recombination v-sd 19.86 + 0.53 
recombination sd—car 15.00 + 0.48 
recombination v-car 32.91 + 0.63 

C = 0.328 + 0.042 K == 0.498 + 0.067 

x3 for heterogeneity — 8.05 (0.5 < P < 0.7) 


a represents 20°C 

b represents data with heterozygous Cy inversion 

c represents age of female from O to 3 days 

(See text for full explanation) 

I, IL, HI, IV represent the four triple heterozygotes 


Dessdies LAK Uv + + v sd —+ Uv + car 


dk 4 + sd car HF + car + sd + 


(O), (1), (2) (12) represent the four possible modes of gamete formation such 
that (O) represents non-recombinants, (1) represents recombination in seg- 
ment v-sd, (2) recombination in segment sd—car, and (12) simultaneous recom- 


bination in both segments. 


A 72 for 2-factor viability interactions was calculated for these combi- 
nations using the procedure recommended by FisHER (1949) and in 
all cases these y5 values are not significant. The residual xô values 
are, however, significant, probably because of irregular variation in 
the recombination fraction according to the particular arrangement 
of the genes in the female triple heterozygote. It is unlikely that this 
heterogeneity is the result of the “position effect’ postulated by 
PARSONs (1957) which might be expected to be found at both temper- 
atures and to be consistently related to gene arrangement. The 
treatment combinations (z), b and bc are all at 30°C. Since this is 
close to the maximum temperature for survival of Drosopmila, a 
possible explanation for the heterogeneity in the data is some form 
of reduced developmental stability. 

The data were also analysed by an analysis of variance technique 


developed by BODMER and PARsoNs (1959) which is particularly 
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valuable in ascertaining whether viability interactions between genes 
are additive or multiplicative (BopMER 1959). It was found that the 
multiplicative model fitted better than did the additive. PARSONS 
(1959 a, b) showed that generally in mouse and Drosopmla data the 
multiplicative model applies . 


3. B. Recombination values 

The significance of the variation in recombination values may be 
tested for each segment separately for each treatment. For example 
the main effect of a may be represented by the symbolic multipli- 
cation (a — 1) (b + 1) (c + 7) which equals 

a+ ab + ac + abc — (1) —b —c— be 

This expression represents the temperature effect which we may 
denote by A. A 2 x 2 contingency table may be set up, in which the 
rows are the positive and negative treatment combinations in the 
above expansion, and the columns are the non-recombinant and re- 
combinant classes for each of the three segments v-sd, sd—car and v-car 
in turn. 2 values may be calculated for these 2 X 2 tables and they 
will test the significance of the temperature difference. In a similar 
way, 2 Xx 2 tables can be set up for the other main effects B and C 
and interactions AB, AC, BC and ABC making seven Ei values in 
all for each segment. The 7} values will be slightly inflated because 
the total number of observations varies between the eight treatment 
combinations but this error is not large enough to be of any importance. 
These yj values are given in Table 2 with means for the positive 


TABLE 2. a. y} values testing significance of main effects and 


interactions for vecombination and interference 
EN EEE Ee TEE DS one 


Factorial+ Recombination in segment Coincidence Kosambi 
effect pag) en | vcar | 6 coefficient K 
EN 2.65 6.84T 1.47 16.13t 14.27t 
B 17.671 37.74t 40.79t 3.80 0.43 
& 7.69! 26.99t 31.05? 0.04 1.04 
AB 0.05 20 0.90 0.01 0.35 
AC 0.0004 8.72 4,42* ONS 0.05 
BC 1.72 N52 2.63 0.06 0.02 
ABC 4.58* 0.15 2.36 0.69 0.27 


pO eenen OO 


has fci” nld 
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b. Means of main effects 


v-sd | sd—car v-car C K 

A. 200C (Sor ddI 297 An Ie O3 0522 
300C 18.80 14.52 30.62 0.480 0.784 

| 
B. With C, inversion 19.92- 15.29 32.48 0.440 0.676 
Without Cy inversion 18.14 12.65 27.88 0.364 0.630 

C. Age of female | 
O to 3 days to 1491 32.25 0.398 0.618 
4 to 7 days Kell 3:04 28.11 0.405 0.689 


+ A, B, C, represent main effects of temperature, inversion and age respec- 
tively and AB, AC, BC and ABC represent the interactions between the main 
effects. 


and negative treatment combinations of the main effects. It must be 
noted that these means are based on equal information for each treat- 
ment combination so that undue weight is given to the treatment 
combination with fewest flies counted, but as the simple analysis of 
factorial experiments depends on equal information for each treatment 
combination, this seems to be a reasonable approach which will not 
lead to large errors. 

The presence of the Cy inversion leads to a significant increase in 
recombination, and recombination in the older females is significantly 
less than in the younger females. Both of these results conform with 
results reported in the literature. 

Temperature increased recombination slightly in the sd-car 
segment which is the segment closest to the centromere, where ac- 
cording to past observation (STERN 1926, MATHER 1939) such an 
effect would be expected. 

Finally, there is an interaction between temperature and age of 
female for the sd-car segment, but not for v-sd, so that over the long 
segment v-car, the interaction is barely significant. There is a 3-factor 
interaction for the segment v-sd which is barely significant, and as 
the yí values are inflated somewhat, little importance can be placed 
on this result. An interpretation for these rather minor interactions 
is difficult to find. The segment sd-car, in which the 2-factor inter- 
action was found, being close to the centromere, is the region in which 


“environmental and genetic variables are likely to have their greatest 


82 D. L. HAYMAN AND P. A. PARSONS 
effects. Hence, interactions, if they occur at all, would presumably 
be expected to be largest in these regions also. 

Since the 30°C data were on the whole heterogeneous, these compu- 
tations were repeated on the 20°C data only (Tables 3 and 4). In this 


TABLE 3. Data collected at 200C 


a. xÂ values testing significance of main effects and interactions for 
vecombination and interference 


TT 


| 
Factorial Keern eA en | han Kosambi 
effect v=sd | sd=-car v=car coefficient KX 
| 
B 5.40 | 11.14t | 10.93t | 2831 dead 
G 3.88* 23.69 25.08t | 0.24 1.36 
BC 4.27" 1537 3.66 | 0.94 0.40 
AOS UT NON! 
b. Means of main effects 
v-sd sd—car v-car CG 5 
With Cy inversion [OSZ 14.15 SI 0.360 0.565 
Without Cy inversion 18.74 1271 30.06 0.287 0.479 
Age of female 
O to 3 days 19.88 14.59 32.65 0.313 0.479 
4 to 7 days 18.63 12.27 29.33 0.334 0.565 
TABLE 4. Recombination fractions for 4 treatments at 200C. 
ab ac abc a 
v_sd 19.67 19.89 19.86 1259 
sd—car 13.30 14.18 15.00 le25 
v—car 30.92 32.39 32.91 213 


analysis there were four treatment combinations a, ab, ac, and abc, 
which is a situation analogous to a 22 factorial experiment. No differ- 
ence in trends occurs, but there is a suggestion of an age X inversion 
interaction for v-sd and the complete segment v-car. In the segments 
v-sd and v-car, the effect of age from O — 3 days and the Cy inversion 
is not, in these data, cumulative for the recombination value (Table 4). 
For segment sd-—car there is a cumulative effect which is less than 
would be expected if age and the inversion were acting independently 


(ie. the recombination value for abc is less than expected on the basis 
of the values of a, ab, and ac). 


pat hs 


RENEE ENE VEND SZ" 
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3. C. Interference 

Interference may be detected by computing coefficients of coin- 
cidence, C (Table 1). To test the significance of various treatments, 
the easiest approach is to regard each coincidence coefficient as 
contributing equal information. The mean C coefficient at 20°C will 
then be 


(a + ab + ac + abc) 


Belt 


and at 30°C 


} (2) + b He + be) 
the treatment combinations a, ab, ac, .…. etc., being C coefficients. 
The main effect, A, for temperature, which can be represented by the 
symbolic multiplication 4(a— I)(b+ 1) (c + 1) is merely the 
difference between the above two expressions. The significance of this 
difference may be tested with a 7.5 To do this, we need the variance 
of the difference which is 


1 [V(a) + V(ab) + V(ac) + V(abe) + Va) + Vb) + V(C) + V (bo)] 
and the 71? is therefore 

[a + ab + ac 4 abe — (1) —b — ec — be}? 
Vla) + V(ab) + Vlad) + Vado) + VW + VO) + VO + Vb) 


Such 71° values for coincidence coefficients are given in Table 2. 
The square root of the above expression is, of course, a normal deviate. 
In table 2, means of the positive and negative treatment combinations 
are given for the main effects as given for the recombination fractions. 
Once again, these means are based on equal information for each 
treatment combination. er values testing Kosambi coefficients with 
means for the positive and negative treatment combinations of the 
main effects are also given. A value of K = 1 is expected at about 
1lg of the distance from the centromere assuming the level of inter- 
ference found in most Drosophila data (OweN 1953). 

All the C coefficients are < 1 which demonstrates that positive 
interference occurs, and furthermore all K coefficients < l demon- 
strating that interference is more severe than expected on KosAMBI's 
(1944) mapping function which applies when K — 1. In fact the K 
coefficients recorded here show, on the whole, rather more severe 
positive interference than OWEN’s (1953) analysis of Drosopmila data 
demonstrated. However it hardly is to be expected that all data from 
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an organism will show the same intensity of interference for a given 
region of a chromosome under different experimental conditions. À 
mapping function, such as postulated by OwEN (1950) represents the 
average degree of interference found in some organisms, and as such 
provides a standard against which any set of data may be compared. 

The only significant main effect is for temperature and no inter- 
action is significant. This applied for both the C and K coefficients. 
At 30°C, (C =— 0.480) interference is reduced substantially form that 
at 20°C (C = 0.323), and in spite of the heterogeneity present this 
effect is consistent over all treatment combinations. However com- 
parisons of the effect of age and inversion will only be strictly valid 
on the data obtained at 20°C. The Cy inversion and the difference 
between the age of the female parents appear to have no significant 
effect, although the presence of the Cy inversion has the effect of 
decreasing interference somewhat which is in agreement with 
ReNpeL's (1958) data (Table 3). Coincidence is slightly, but not 
significantly higher in the data collected from females aged 4-7 days, 
than in the data collected from females 0-3 days which agrees with 
RENDEL (1958). 


4. DISCUSSION 


The individual effect of the three agents upon recombination values 
is in accordance with previous findings. The lack of a cumulative 
affect between age from 0-3 days and the presence of the Cy inversion 
at 20°C for the sd-car region could be achieved in a number of ways, 
the agents could act on the same or closely related processes which 
possess a limit, self-imposed or the result of a deficiency in another 
process; or, the agents may operate in processes which became 
antagonistic at certain levels. Unfortunately the heterogeneity of the 
data does not permit an interpretation of the interaction of the three 
environmental agencies employed. It is surprising that so little is 
known of how various agents interact to affect the recombination 
value in different segments. With so little known at present of the 
nature of the recombination process, further information of this sort 
would be of interest. 

Temperature was the only agent to produce a significant effect 
upon interference in this experiment. Corroborative evidence for such 
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an effect may be found in GRAUBARD's (1932) data on the effect of 
temperature upon recombination and coincidence in the second 
chromosome of D. melanogaster. The data given in table 5 are cor- 


TABLE 5. Recombination and interference in linkage group II calculated from data 


given by GRAUBARD (1932) 
Temperature at Recombination in segment | Coincidence 
which data were 
collected al-tx | tx—b b—pr |__al-tx-b ta—b—pr 

14°C 9.83 + 0.50|30.82+-0.78) 13.17 +-0.57|0.273+0.048|0.507 +0.053 
16-576 10.82-+0.41!32.15+0.62/ 10.39 +0.40/0.321 +0.037/0.423 40.041 
25E 10.92--0.43/27.01 +0.61| 5.85+0.32/0.218+0.036/0.228 + 0.050 
30°G 11.85 +-0.48/28.87+0.67| 9.92+0.45/0.440+0.048/0.541 40.058 


rected estimates based on STEVEN’s (1936). The order of the 
loci is al#x-b-pr— centromere. Temperature variations from 25°C have 
a marked effect on both recombination values and upon coincidence. 
Of futher interest, is the observation that the recombination values 
in the distal segments al-#x-b are only slighlty affected by an increase 
in temperature while the coincidence value is greatly altered. 

This demonstration of the difference in the extent to which recom- 
bination values and coincidence values may be altered by one agent 
is also found in the data presented in this paper. Interference within 
the v-car segment is reduced while recombination is only increased 
in the sd-car segment. Thus the effect of temperature is to alter the 
pattern of recombination in this segment. There is a greater number 
of double recombinants, although only in one segment is recombination 
increased. 

It has been thought that in D. melanogaster interference was com- 
plete at distances less than ten map units. However GREEN (1960) 
has produced evidence of apparent double crossing over within very 
short intervals. This makes possible a closer comparison between 
the recombination events in this organism and those in mmicro-organ- 
isms. PRITCHARD (1955, 1960) has suggested, from a study of recom- 
bination between closely linked genes in Aspergillus, that crossing- 
over may take place at regions of “effective pairing’’ which occur 
discontinuously along the homologues. Variation may occur in the 
frequency of effective pairing, in the length of effectively paired 
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segments, and in the frequency of exchange per unit length of such 
segments. The variation between recombination and interference at 
the two temperature levels described in this paper cannot be clearly 
related to any one of these postulated modification of recombination 
events. An extensive and detailed study of recombination within and 
between “effective pairing segments’’ in a chromosome arm would 
seem necessary to see whether such a relationship existed. 

Evidence presented in the literature (ProucmH 1917) as well as 
in this paper indicates that recombination values increase and the 
intensity of interference decreases at temperatures higher or lower 
than that for the optimum breeding of D. melanogaster. Such variation 
may be interpreted as the result of the action of natural selection 
such that those genotypes have been preserved which under abnormal 
conditions are capable of generating an increased range of recom- 
binants on which selection may operate. 

The heterogeneity of the data obtained at the higher temperature 
in the experiment described in this paper has been attributed 
to developmental instability at the extreme temperature em- 
ployed. It would be expected from this argument that similar hetero- 
geneity would be encountered in the data from experiments conducted 
at temperatures about 15°C. There are as yet no data available to 
test this. 


9. SUMMARY 


|. Recombination was studied for the three sex-linked genes ver- 
milion, scalloped and carnation in D. melanogaster using a balanced 
design, for the following three treatment contrasts: — 
(ì) 20°C and 30°C 
(ii) Age of parent from O to 3 days, and from 4 to 7 days 
(ti) With and without the heterozygous Curly inversion 
Data were collected for the eight possible treatment combinations 
made up of the above 3 treatment contrasts. Balanced data were 
obtained for each treatment combination. 
2. The data collected for 3 of the 4 treatment combinations at 
30°C were heterogeneous. This is due to irregular variations in re- 


combination probably caused by developmental instability at this 
temperature. 


| 
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3. Recombination in crosses with the Cy inversion is greater than 
in crosses without the Cy inversion, and recombination in the older 
females is less than in the younger females. At 30°C recombination 
is greater than at 20°C only for the sd-car segment which is proximal 
to the centromere. No large interactions occur between these 3 
treatments. 

4. Neither variation in the age of the female, nor the presence of 
the Cy inversion affects interference appreciably, but at 30°C, inter- 
ference is considerably less severe than at 20°C. 

5. Some of the implications of the data are discussed. 
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EFFECTS OF LINKAGE AND OVERDOMINANCE ON THE 
RATE OF HOMOZYGOSIS UNDER SELFING 
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The primary aim of selfing or any other system of inbreeding as 
practised by the population geneticists or breeders is to develop homo- 
zygous stocks. A measure of inbreeding progress can be based, in 
fact, on the rate of progress toward homozygosity (homozygosis). The 
theory of inbreeding embodies various theoretical models for deter- 
mining these rates of homozygosis (FisHER, 1949). Inbreeding progress 
can be apparently retarded by at least two important factors: natural 
outcrossing and selection in favour of heterozygotes (overdominance 
for fitness). In a model of mixed selfing and random mating, HAYMAN 
(1953) and HAYMAN and MATHER (1953) showed that in cases of 
rather strong selection, an overdominant locus may retain at equili- 
brium a significant proportion of heterozygotes. A high rate of natural 
crossing and strong selection for heterozygotes are equivalent in their 
effect on the rate of homozygosis (see JAIN and ALLARD, 1960). 

Besides the true overdominance of individual loci. the socalled 
pseudo-overdominance where the apparent superiority of hetero- 
zygotes over the homozygotes is based on chromosome segment or 
block, can also maintain rather high levels of heterozygosity in a popu- 
lation. Here linkage brings about an upward bias in the observed 
level of dominance. REEVE (1957) developed an interesting model 
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using the generation matrix method for studying the rate of homo- 
zygosis at a locus, not itself under selection but linked to an over- 
dominant locus. Thus, linkage was shown to have a notable effect on 
the rate of loss of heterozygotes under selfing. The present paper 
extends this model of REEVE to the important case of both loci under 
selection which enables a comparison between the effects of linkage 
and overdominance. It should be pointed out here that BATEMAN and 
MATHER (1951) have studied the confounding ot selection with linkage 
effects under a different theoretical situation. 

Consider the simplest case of two linked loci, say Af/a and B/b, with 
p as their recombination value and assign the selective values of 
homozygotes and heterozygotes in the following manner: 


Genotype: AA, aa Aa, Bh BB, bb 
Selective value: x 1 y 


where x,y < 1, ie. the two homozygotes at a locus are equally dis- 
favoured against the corresponding heterozygote. Note that in REEVE's 
model, x= |. Put 2p (l—p) == P, and construct a generation 
matrix that would give the relative frequency of various types of 
mating in a generation in terms of those of the preceding generation: 


Generation Matrix (M) 


Parent lines 


Progeny lines AB/AB AB|AD ABjaB ABlab 


AB|AB 2xy xy Xy xy(l-P) 
AB/Ab — % — xP. 
ABjaB — — y we 
ABlab — — — l=P 


Starting with a population of double heterozygotes only, the geno- 
typic frequencies after one generation can be obtained by postmulti- 
plying the matrix (M) by the vector (O, O, O, 1) and after » generations 
by postmultiplying M* by (O, O, O, 1) which leaves ionly the last 
column nonzero. The sum of all four elements in this column, 7T'», and 


the sum of only the last two terms of T„, say Ha, are given by the 
following formulae: 


we xn (1—P)® oe 
En Î z{l=P) | ae 


zn 1 ien ere en 


ON THE RATE OF HOMOZYGOSIS UNDER SELFING 91 


ie eg el Eb | ve ne | 
x—(l—P) EPS 


2x3P ran (1 P)n+1 (1 P)2(2x2)n-1 
x—(l—P) 1—2x l_—_P_—_2x? | 


HH 2n-Ayn(1—P) + (l—-P)r. 


The amount of heterozygosity at locus Af/a in the nt” generation 
is then simply the quotient H„/„7. Table 1 below gives a few numeri- 
cal examples of this model (for x = y — .50, .75, and P — .10, .20) 
alongwith, for the sake of comparison, a few others from that of 
REEVvE. The case of single locus developed on the basis of HAYMAN'’s 
model (HAyYMAN, 1953) is equivalent to that of P greater than 0.5, 
Le. no linkage. Table 1 gives the proportion of heterozygotes at locus 
Ala after 1, 2 and 5 generations of selfing the double heterozygotes 
and in its last row, the rate of homozygosis is given in terms of the 
per cent loss of heterozygosity per generation. Data of Table 1 are 


TaBre 1. Rates of homozygosis under selfing with overdominance and linkage. 


(i) single locus (ii) two linked loci 

tn 

0e xl DO zy Xl =O hd rd) 
| P=.10|P=.20/P=.10/P=.20| P=.10 |[P=.20) P=.10 |[P=.20 

[e) 1 1 j 1 1 1 1 1 1 1 1 

| „5000| .5714 | .6667 | .5457 | .5257 | .6067 | .5600 ‚6156 „5964 DD N79 

2 „2500| „3479 | .5000 | „3076 | .2802 | .3956 | 3256 „4121 „3820 „6456 ‚6348 

5 ‚0312| .0916 | .2864 | .0577 | .0400 | .1332 | .0705 „1459 202 „5271 ‚4751 
a het. decreases 

Re alesool 5, Jets 43.4 47 |, 30} 38 28 32 | from 12-15% 

gener- to 0 
ation 


plotted in Fig. 1. There are two important points to note: firstly, the 
effect of linkage is to lower the rate of loss of heterozygosity in all 
instances. This effect in magnitude is a function of both linkage value 
(p) and selection intensity («, y), being greater with tighter linkages 
and stronger selection. However, the ultimate fate of heterozygotes 
is not altered by linkage, that is, linkage simply slows down the ap- 
proach to homozygosity. Also note that the two values of P (.10 and 
.20) show a greater difference between their effects with stronger 
selection. Secondly, it is interesting to compare the effects of selection 
at both loci (x — y — .75) with a stronger selection at only one locus 
(x — 1, y — .50). Thus, our model demonstrates that linkages tend 
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GENERATION OF SELFING 


Fig. 1. Curves showing the expected rates of loss of heterozygosity under selfing 
at two linked loci with various levels of overdominance (see text for explanation). 


to spread the effects of selection over a chromosome segment. Ac- 
cordingly, in many of the experiments involving the overdominant 
loci, the observed levels of heterozygosity in a population may per- 
haps be accounted for on the basis of smaller selective valyes at two 
or more linked loci than at loci taken individually. Theoretical work 
on such an elaborate model would require either newer mathematical 
methods or many laborious computations with the help of electronic 
machines since already in a simple model here the formulae given 
above look rather cumbersome. Probably this is why much of the 
experimental work on natural selection has been confined to the esti- 
mation of parameters for single loci (e.g. HEXTER, 1955; JAIN and 
AmrLARD, 1960). It-is hoped, however, that suitable tools would be 
available to handle such problems in near future. 

The writer takes great pleasure in expressing his eentiende to 


Professor R. W. ArrarD for his many helpful suggestions and en- 
couragement. 
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CHROMOSOMAL STATUS, GENE EXCHANGE AND 
EVOLUTION IN DACTYLIS 


1. Gene exchange in diploids and tetraploids 
by 
MARTIN BORRILL 


Welsh Plant Breeding Station, Aberyswyth 


(Received for publication October TO, 1960) 


INTRODUCTION 


The genus Dactyhis comprises a number of morphologically and 
geographically discrete diploid subspecies, and a widely ranging poly- 
ploid complex which can be subdivided into three taxa, Dactylts ma- 
vina, and Dactylis glomerata subspecies glomerata, and hispanica 
(Plate l a, e and c). The taxonomy and phylogeny of the group have 
been considered previously (BORRILL, 1961a). 

Up to the present our knowledge of the role of hybridisation, and 
our speculations concerning the introgressive consequences of gene 
exchange in this genus have been based on studies of naturally-oc- 
curring hybrids between the chromosomal races (MÜNTZING 1937, 
ZOHARY and Nur 1959). 

An experimental assessment of the capacity for gene exchange 
between the taxa should enhance our understanding of the dynamics 
of the group in relation to evolution. The present series of papers 
will give the results of experimental hybridisation, and the detailed 
cytology of the hybrid and parental populations. This represents a 
fresh approach to the study of Dactylis, apart from observations by 
ZOHARY (unpublished) and McCorrum (1958) on the inter-fertility of 
some diploids and colchicine-induced tetraploids. 

The first paper will consider hybridisation in the diploids and tetra- 
ploids, the second (by KeirH Jones) their cytology, and the third 
(Gointly) the cytogenetics of hybrids between the chromosome races. 
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The authors are especially indebted to A. R. Beppows, Welsh Plant 
Breeding Station, for providing two of the progenies on which our 
triploid data are in part based. He, as far as we know, was the first 
person to obtain experimentally triploid and other wide-cross hy- 
brids in Dactylis (Beppows, 1959). 


MATERIAL AND METHODS 


The ability to exchange genes through hybridisation can give an 
insight into the relation between major taxonomic groups, and popu- 
lations in the groups. Details of the Dactylis taxa studied from this 
point of view are given in Table |. 

Gene exchange is usually assessed in terms of fertility, that is to say, 
the ability of a female parent in an initial cross and in subsequent 
generations to set seed, and the viability of this seed in a germination 
test. Pollen fertility, as judged by staining reaction, indicates the ef- 
fectiveness of the male gametes produced by such plants. The aim of 
the present work is to study variations in fertility which have a genetic 
basis. 

Fitness, in the sense of ability to survive in micro-evolution, must 
be considered in relation to the environment of the parental plants, 
and this differs from fertility. Two populations may, for example, be 
able to exchange genes freely and the progeny be completely fertile, 
but the individuals may be unfit to survive in the parental environ- 
ment. For fitness to remain constant the change in environment must 
be accompanied by proportionate genetic change, and, conversely, 
genetic change, as in hybrids, will achieve balance only in a hybrid 
environment. Fitness is, therefore, a genetical and physiological state 
of equilibrium in relation to a particular environment. 

In addition to genic effects, chromosome number may introduce 
a considerable divergence between fertility and fitness, as for instance 
in the 35-chromosome polyploid race of Holcus mollis, where the seed- 
setting ability is greatly superior to the fitness of the sexual progeny. 
This has been discussed by Jones (1958) who cites other examples. 

The assessment of fertility differences having a genetic basis in 
out-breeding organisms raises a number of problems for the experi- 
menter, due to the great plant-to-plant variation in self- and cross- 
fertility, and the possible effect of genotype/environment interaction. 
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The problem is aggravated in studies which, like the present, are linked 
to a plant introduction programme in which the material has to be 
utilised as it becomes available, and hybridisation carried out in 
successive seasons. 

The effects of genotype/environment interaction have been mini- 
mised as far as possible in handling the material. The techniques used 
are briefly described: 

The assessment of self- and cross-fertility. The methods of making 
crosses were based on those described by JENKIN (1924, 1931). The 
florets selected as female units were enclosed with inflorescences of 
the pollen parent in glassine paper bags. Where self-fertility was being 
studied, groups of heads from the same plant were enclosed in pollen- 
proof bags. Cross-fertilisation depended on the almost complete self- 
incompatibility of the majority of Dactylis plants, and this necessi- 
tates therejection of genotypes with high self-fertility for use as female 
parents. In the very few instances where self-fertile plants had been 
used as female parents, some of the progeny was obviously inbred, as 
evidenced by their lack of vigour, consequent winter killing and the 
presence of chlorophyll-deficient seedlings. The great majority of 
selfing of the female parent was carried out at the same time as 
hybridisation, so that self- and cross-fertility were assessed under 
comparable environmental conditions. 

Environmental effects on the assessment of cross-fertility. The avail- 
ability of pollen, and the ripening of seed are susceptible to unfavour- 
able conditions. In controlled crosses in the glasshouse care was taken 
to bring together inflorescences which were correctly phased relative 
to pollen production and stigma exsertion, and to place the pollen 
donors higher in the bags so that on shaking the pollen would fall 
onto the stigmas. Where possible units were put up for crossing on 
warm dry days. Cool, humid weather may lead to reduced seed- 
ripening in enclosed heads. Such conditions were met with on one 
occasion in 1956, and countered to some extent by removing the 
bags and heating the glasshouse with electric radiators. The possible 
effects of cool, wet weather on pollination amongst plants in the field 
could not be mitigated and remained a potential source of genotype 
environment interaction. With regard to seed ripening, fertility was 
assessed in a manner which largely compensates for the results of 
adverse conditions. Ripe inflorescences were threshed by hand and 
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caryopses detectable by touch were removed, this is termed the ‘thresh- 
able’ seed. A sample of this seed was tested for germination in a warm 
glasshouse. The chaff which remained after threshing was also sown, 
as in many instances where the yield of threshable seed was depressed, 
many small viable caryopses were present in the chaff and germinated 
to give vigorous seedlings. The data were, therefore, pooled to give 
the number of seedlings obtained for every 100 spikelets used on the 
female parent. This assesses the potential contribution to the next 
generation and can be termed the ‘fertility index’ — FI. By this means, 
whenever pollination was effective the viable caryopses were detected. 

The data suggest that when sub-optimal environmental conditions 
occurred they affected seed maturation, 1.e., the formation of the endo- 
sperm and caryopsis size, and not embryo development. It is reason- 
able to suppose that in these Dactylis crosses, pollination is not a 
limiting factor. Embryo formation appears to be less sensitive to the 
effects of genotype/environment interaction, than is endosperm de- 
velopment. 

Pollen was taken from anthers just prior to exsertion and stained 
in aceto-carmine. In the hybrids there was a gradation between 
normal and aborted grains, and more variation in grain size than in the 
parents. Only cells full of cytoplasm and well-stained nuclei were 
counted as fertile. Two preparations of at least 200 grains were made 
from each plant. 

The object of the experiment was to compare the cross-fertility of 
populations and taxa and so to ascertain any differences in their 
ability to exchange genes. In practice the plant-to-plant variation 
in FL. is great. In a sample of 50 plants of Dactylis glomerata subsp. 
lusitanica inter-pollinating under favourable conditions the FI. 
ranged from 10 to 900. It is clear that to find average compatibility 
levels between populations large numbers of hybridisations, or of 
individual hybrid plants, must be studied because of the wide vari- 
ation between genotypes occurring in outbreeding plants (COOPER 
1959). Comparisons within and between the major taxa were made in 
each successive season, and the data pooled because there were no 
worthwhile differences in fertility between the sub-groups, for instance, 
as between the various pairs of diploid subspecies. The high plant- 
to-plant variation in fertility indicates that substantial reductions 
in cross-fertility must occur before they can be reliably detected. The 
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data were therefore grouped into crosses between taxa and crosses 
within taxa, i.e., between populations of the same taxonomic group. 
Comparisons were made with data from plants within a single inter- 
breeding population growing in what were judged to be optimal con- 
ditions, and which therefore acted as a standard for fertility index. The 
frequency of the componentsvof fertility in the various groups is shown 
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in Figs. l and 2. The wide range of seed-setting from cross to cross, and 
plant to plant, means that in some instances most of the seed is produced 
by a few very compatible individuals, whereas in actual fact most 
plants set few seeds or none at all. To demonstrate more clearly what 
occurs in these plants a scaling for seed-set and F.I. has been used: 
from O to 100, the frequency classes are 10 units; above 100, they 
are 100 units each. 
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Fig. 2. Frequency distribution of components of fertility in Dactylis populations and hybrids. 
Fertility index and pollen fertility. 
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EXPERIMENTAL RESULTS 


The results for the components of fertility, namely, seed-set per 
100 spikelets, percentage germination, seedlings established per 100 
spikelets (F.1.) and percentage pollen fertility, will be discussed under 
four headings, diploids, tetraploids, self-fertility and triploids. 


DIPLOIDS 


An aggregate sample of Dactylis glomerata subsp. lusitanica (Plate 
1 g) was used as a standard of fertility. This was chosen because it 
grows luxuriantly and ripens seed very well at Aberystwyth. Experi- 
ence has shown that for some Mediterranean diploids the climate 
in West Wales is sub-optimal for growth and seed setting. Fertility 
was high in this population, which had an F.I. of 302.5. The seed- 
setting and Fl. data show an approximately normal frequency 
distribution, but the germination and pollen stainability are skew, 
with the mode in the direction of the higher fertilities. Hybrids were 
made between subspecies aschersoniana, lusitanica, and woronowit, 
as follows, a different genotype being used in each cross: 


Sabspecies No. of Mean seed-set per 
crosses 100 spikelets 
aschersoniana X woronowit 8 120.3 
aschersoniana x lusitanica 8 158.9 
woronowii x lusitanica 8 160.7 
vR 146.6 


Nearly all the crosses and selfings were made at the same time and 
no reciprocal differences were observed. Further study was concen- 
trated on hybrids between aschersoniana and lusitanica (Plate 1, 
k and g), selected because they are well adapted to the climate at 
Aberystwyth, and on morphological grounds are a pair of closely- 
related subspecies (BORRILL, 1961a). This would suggest that any 
reduced capacity for gene exchange in this instance might be exagger- 
ated in other pairs of subspecies originating from more dissimilar 
environments and showing greater morphological differences. Fifteen 
F, hybrid plants of aschersoniana X lusitanica grown in the field were 
examined for fertility (Plate 1, ĳ). 

Backcrosses were made to the diploid parents (Plate 1, h and j). 
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Four diploid hybrid progenies were used, 557bC(1), 558bC(1), 560bC(1) 
and 562bC(1), each resulting from the crossing of a different pair of 
parental genotypes. Individual hybrid genotypes were backcrossed to 
a number of different genotypes of both parents. No reciprocal 
differences were observed. The backcrosses to lusitanica were ap- 
parently more successful than those to aschersoniana but this is not 


a consistent trend: 


/ : No. of Mean seed-set per 
Hybrid parent No. Diploid parent EEE 100 spikeles 

5odAbDeL) lusitanica 6 53.0 
aschersoniana 7 7.9 
558 bC(1) lusitanica 4 5.0 
aschersoniana 5 14.8 
560 bC(I) lusitanica 3 12:3 
aschersoniana 2 3:05 
562 bC(1) lusitanica 2 6.0 
aschersoniana 2 29.0 
Backcrosses to lusitanica 15 25.8 
aschersoniana 16 1272 


In addition, individual genotypes within F, hybrid progenies 
557bC(1), S58bC(I), and 562bC(1), were crossed together to give an 
Fs generation. Figs. l and 2 indicate that hybridisation between the 
diploids results in reduced fertility. There was no significant difference 
in the fertility of the different subspecies combinations. In the initial 
crosses thereis a drop in mean seed-set, and seed germination is sub- 
stantially reduced, consequently the FI. is depressed. Comparisons 
can legitimately be made between the pooled data for the initial 
crosses and F, hybrids, and the backcrosses and F2 plants involving 
only aschersoniana Xx lusitanica, since the fertility data for the initial 
hybrids between all three diploid taxa are essentially similar. In the 
backcrosses and F» plants a successive reduction in fertility occurs. 
The fertility index means go down progressively as follows: 


lusitanica All initial crosses aschersontana Xx lusitanica 
population … Backcrosses Fe 
303 —> IDEA —> 60.2 — lets 


The average fertility of individual Fi plants of aschersoniana X lusi- 
tanica in the field was a little higher than the corresponding initial 
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crosses in the glasshouse. Accompanying the reduction in average 
fertility is a change in the shape of the frequency curve. In lusitanica 
the FL. is distributed normally, germination and pollen fertility have 
a skew distribution with a mode well towards the high fertility. In the 
Fi the distribution curve becomes broad and shallow, and in the 
backecrosses and F plants the curve is skew but in the opposite di- 
rection, the majority of crosses having an F.I. between O and 10. 
Mean pollen fertilities of the groups were compared using the f test. 
The backcrosses and Fs hybrids showed a reduction significant at 
5% when compared to lusitanica. The coefficients of variation showed 
that variability in wsttamica and the PF was similar at 103, whereas 
in the backcrosses and Fs there was a marked increase significant at 
5%, up to 109 and 113 (Fig. 2). All the data indicate that hybridi- 
sation between these diploid taxa leads to a reduction in hybrid 
fertility and consequent decline in ability to exchange genes. 


TETRAPLOIDS 


Seed-setting was studied in a sample of plants of wild Danish and 
the Aberystwyth cultivar S. 37 (Bc 4141-4154, Bc 4373) (Fig. le). 
These belong to subsp. glomerata and were chosen because they were 
well adapted to the climatic conditions at Aberystwyth. The seed 
ripened well and heads were harvested singly under favourable 
conditions. The seed-setting and F.I. data are distributed normally, 
pollen fertility showed a skew distribution with a mode between 90 
100%. The germination figure (available for wild Danish only) was 
77%. The fertility index of these tetraploids, 114, was not as high as 
in lusitanica, 333, but the data show a similar distribution. STAPLEDON 
(1931) found that in the tetraploids fertility varied from 78 to 364 
seedlings per panicle, which is equivalent to FI. of 62 to 288 (mean 
129), using the figure of 126 spikelets per panicle as à conversion factor 
(Borrirr 1961a). Our tetraploid sample is above average for fertility 
in Dactylis; the lusitanica is highly fertile. The data indicate that the 
percentage of viable seeds found in Dactylis ranges from 15.4 to 72.2 
with an average of 32.3. On the average, only between | and 3 florets 
set viable seeds out of 5 or 6 in each spikelet. 

The pattern of phenotypic variation and distribution is more com- 


plex in tetraploid Dactylis than in diploid Dactylis (BorriLL, 1961a). 
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The boundaries of the major groups are less easily defined, apart 
from Dactylis marina (BorriLL 1961b). Using the tetraploid popu- 
lations detailed in Table 1, hybrids were made between the taxonomic 
groups, and between populations within these groups, to ascertain 
any broad differences in their ability to exchange genes, in accordance 
with their degree of morphological dissimilarity. The within-taxon 
populations are more phenotypically similar than those from different 
taxa. No account is taken of geographical distance which varied 
greatly, and in the tetraploids is of less significance than microclimate ; 
populations separated by quite short distances often show considerable 
morphological variation. 

Hybrids within taxa. Hybrids were made between populations 
within each of the main taxonomic groups, using a different pair of 
genotypes in each cross. 


Populations Hybridisations 
Within marina 5 27 
glomerata 6 13 
hispanica 4 12 
15 52 


The results were of a similar nature and the data for the 52 crosses 
were pooled, Figs. l and 2. There is a definite reduction in average 
fertility compared to Danish and Aberystwyth cultivar S. 37, and 
a tendency for some of the crosses to give a low seed-set; this is ex- 
pressed in a wide and shallow frequency curve. Seed germination is 
also reduced (mean 60%). The F.I. frequency shows a suggestion of 
skew distribution, with about half the crosses giving an Fl. of less 
than 40. 


Hybrids between taxa. A range of genotypes from populations of 
different taxa was hybridised. Those between glomerata and hispanica 
were more fertile than the other combinations. The overall level of 
fertility was much lower in those crosses than in the hybrids within 
taxa, and the data were pooled for comparison, Figs. l and 2. Hy- 


brids between D. marina, subsp. glomerata and hispanica are shown in 
Plate 1, d and b. 
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Subspecies and No. of populations kann En Ad 
tions 100 spikelets 
glomerata (10) Xx hispanica (6) | 26 48.7 
marina (1) Xx glomerata (5) | 23 2059 
marina (1) Xx hispanica (8) 38 16.2 


Total of populations 31 
‚‚ hybridisations 87 
Overall mean seed-set \ 


per 100 spikelets Í ee 


In marina a range of genotypes from Nazaré, Portugal was used, the 
other populations of this subspecies not then being available. The 
result of hybridisation between the main taxa is a definite re- 
duction in fertility. The frequency for seed-set and FL. is skew with 
a low mode. By far the majority of plants have a low FI. (Fig. 2). 
Seed germination is higher than in the intra-taxon hybrids, but pro- 
bably not significantly so. The FI. declines progressively as we move 
from a single population, (114), to crosses between populations in the 
same taxon, (70), and finally to crosses between different taxa, (28). 

The pollen stainability results taken from the female parents of 
these initial crosses are all similar in average value and frequency 
distribution (Fig. 2). The coefficient of variation is also similar. Male 
gamete production is therefore effective in the female parents of these 
crosses. The data are included here because they show the occurrence 
of a few individual plants with poorly-staining pollen. The cytological 
data suggest these may be interchange heterozygotes, which have been 
found in population plants and hybrids (JoNes 1961). 

The initial effect of crossing individual plants from different tetra- 
ploid populations is a reduction in fertility. This is greater when popu- 
lations from separate taxa are involved, but is less than that observed 
in diploid hybrids. 


SELF-FERTILITY 


178 selfings were performed in the tetraploids and 143 in the 
diploids. The large majority of genotypes are self-incompatible (Figs. 
1 and 2). Germination is very variable, the frequency histogram 


showing about equal numbers of plants in all the classes. The conse- 
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quence of poor germination is a very low F.I. both in the diploids 
(0.83) and in the tetraploids (0.23). There is an apparent slightly 
greater overall fertility in the diploids. No pollen data are available 
for the selfings. These results are in close agreement with those of 
STAPLEDON (1931) and BEDpows (1959). 


TRIPLOIDS 


The fertility and chromosomal behaviour of the triploids (Plate 1É) 
will be considered in detail in a further paper. The fertility data for 
the initial crosses are, however, summarised here (Figs. l and 2) for 
comparison with the situation in diploids and tetraploids. Seed-setting 
and germination are low with a skew distribution, the mode being 
at a very low level of fertility. Consequently the FI. for the 116 
crosses is only 3.39. Pollen stainability fluctuates widely. The mean of 
42.7 is significantly lower (P < 0.05) than the diploid or tetraploid 
populations, and the coefficient of variation (124) is significantly the 
highest obtained. Compatibility and frequency distribution in the 
triploids are very similar to those obtained on selfing. It is apparent 
that there is a considerable barrier to gene exchange between the 
ploidy levels. 


CORRELATION BETWEEN THE COMPONENTS OF FERTILITY 


In this study it has been observed that as a result of hybridisation 
there is an average reduction both in seed-setting and in the stain- 
ability of the pollen and also a lowering of the capacity of the seed 
to germinate. It is pertinent, therefore, to inquire whether there is 
any plant-to-plant correlation between these factors. 

Seed-setting and germinabilitv. In a genetically-balanced population 
of the diploid subsp. lusitanica (Fig. 3) there is no plant to-plant corre- 
lation. Germination is high, out of 50 plants only 3 were below 50%, 
and only 9 below 80%. Seed-setting fluctuates to a greater extent. 
It is worth noting that although many plants with low seed-setting 
had good germination it is very rare to find a plant which sets a 
lot of seed and has poor germination. 

In the F, hybrids the diploids and tetraploids behaved similarly; 
the diploid data are shown in Fig. 4. As in the diploid population 
there is no significant correlation between the variables. There are, 
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Fig. 3. Relation between seed set and Fig. 4. Relation between seed set and germi- 
germination, Dactylis glomerata, subsp. nation, diploid hybrids. 
lusitanica. 


however, more genotypes with lowered germination, and these tend 
to be the low seed-setting plants. In the diploid hybrids a lower average 
fertility suggests a degree of genic unbalance compared to the diploid 
population, and in a proportion of the genotypes this appears to 
affect seed-set and germinability in the same direction. 
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Fig. 5. Relation between Fl. and Fig. 6. Relation between Fl. and 
pollen fertility, diploid and tetraploid pollen fertility, diploid hybrids. 
population plants. x lusitanica X aschersoniana 
O lusitanica X wovonowii (Uppsala) 
® aschersoniana Xx wovonowii (Iran) 
significant at P < 0.05 

+ lusitanica Xx judaica 
A aschersoniana x woronowit (Upp- 
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Fertility index and pollen fertility. In the genetically-balanced diploid 
and tetraploid populations (Fig. 5) there is no correlation on the same 
plant between F.l. and pollen fertility. It is notable that stainability 
exceeds 50% in all except 2 out of 28 plants. In the diploid hybrids 
(Fig. 6) each inter-group combination is shown separately, and in 
many plants pollen fertility is greatly reduced as well as the FI. 
There is, therefore, a trend in these hybrids, although this reaches 
statistical significance in only one subspecies combination. Again it 
appears that where genic unbalance is great enough to lead to overall 
reduction in fertility, as in these hybrids, there is a suggested corre- 
lation on the same plant between seeding and male gamete effective- 
ness. 

Observations on pollen diameter were made during the course of 
these studies (Fig. 7). The results indicate that the means for diploid 
populations are generally smaller than those for the tetraploids. The 
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Fig. 7. Pollen diameter in Dactylis (arbitrary units) 
l Diploid 2 Tetraploid 3 Hexaploid 


difference between all diploids and all tetraploids is significant at 5%. 
Some individual pairs of diploid and tetraploid do not differ signifi- 
cantly. Some, such as diploid subsp. lusitanica and tetraploids from 
Cyprus, are very similar. Pollen diameter cannot, therefore, be used 
as a reliable character to separate material of Dactylis into chromo- 
some races. The hexaploid obtained from twin seedlings ex tetraploid 
seed has smaller grains than the tetraploids. 
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Pollen diameter (arbitrary units) 
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Diploids | Tetraploids Hexaploid 
2 Kil | 
Sibepecies No. ie Average | Sub- | No. of Average Average 
plants | diam. species | plants { diam. diam. 
aschersoniana | _glomerata One 
Bc2911, Bc2835 10 7.85 _|- Lischo- genotype 
| wer 
s5 | ‘Be 4267 8 8.67 Be 4379 8.55 
woronowit Finland 
Bc4074, Bc2912 | 10 del Bec 4276 6 9.60 
(Bot. Gard.) | 
woronowii Scotland 
Bec 4355 (Iran) 8 8.30 Bc 4237 | 8 9.17 
Judaica haspanica 
Bc 4302 LO 7.96 Portugal 
| |_Bc 3959 9 Gl 
Algeria F.A.O. | Cyprus 
Bc 4439 + ZismakaBes4179 8 8.76 
lusitanica ex |_D. mari- 
F.A.O. na ex 
Bc 4441 din ee Portugal 
Be 4296 16 9.20 
lusitanica 
ex Portugal 
Bec 3957 8 8.72 
lusitanica 
ex Portugal 
Bc 3948 = 7.67 
PISCUSSION 


In Dactylis little experimental hybridisation has previously been 
attempted. In the diploids, ZoHARy (1956, unpub.) made hybrids 
between subspecies aschersoniana, hookerii, woronowii, Judaica and 
lusitanica, and reported that all the Fj hybrids showed a considerable 
reduction in pollen fertility, chietly of the order of 20-50%, aborted 
pollen. Big differences were found to exist between individual plants 
of the same hybrid combination. There was a slight reduction in 
seed-setting when compared to the parents. 

Mc. Corrum (1958) by contrast found a slight but not significant 
increased seed-set in the Fi hybrids as compared to the parents. This 
is probably a consequence of the small number of hybrids studied, and 
also that in some cases the diploid parents grown in a winter glass- 
house had an abnormally low seed-set. Pollen fertility was studied 
and no biologically significant differences or trends were found. 
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According to HERTzscH (1959) WeiBuLr found that aschersoniana 
and woronowii, and the diploids from Iran, Israel and Grigna, (N. 
Italy) were fully interfertile. As far as the tetraploids are concerned 
Weibull also found that glomerata and hispanica produce fully fertile 
hybrids „The view is expressed by STEBBINS and ZOHARY (1959) that 
the tetraploids give fully fertile Fj and F2 generations. 

The extensive results of the present study are in agreement with 
those of ZoHARY (1956) regarding reduction in fertility on hybridi- 
sation of the diploids, and the great plant-to-plant variation in fer- 
tility within a progeny. They go further, however, and demonstrate 
that when sufficient hybrid combinations are attempted to show the 
general trend the magnitude of the drop in fertility in the Fi, and 
particularly F2, is substantial and is of real significance. 

In the tetraploids there is a drop in fertility on initial hybridisation. 
The cytological evidence, to be given in a subsequent paper, shows 
that regular bivalent pairing is the rule in the diploid populations 
and hybrids. In the-tetraploids, however, preferential pairing amongst 
the four similar chromosomes is especially sensitive to small differ- 
ences between the parental chromosomes. We are able to detect a highly 
significant increase in bivalent pairing without change in chiasma 
frequency. The consequences of ditferentiation between the parental 
chromosome sets have been noted cytologically and in hybridisation. 

The situation in Dactylis regarding its ability to exchange genes 
is similar to that reported for a number of other plants. GRANT (1958) 
considering genetic recombination in relation to sterility barriers, 
cites 72 instances of varying degrees of inter-sterility between taxa, 
some of which, (notably Streptanthus glandulosus KRUCKEBERG (1957) 
and Aster Avers (1953)) are relevant to the situation in Dactylis. In 
the apparently cross-fertilising Streptanthus glandulosus complex a 
large number of hybridisations were made between populations from 
the same and different recognised taxa. Hybrid fertility, judged by 
pollen staining, was shown to be related to seed-setting. Varying 
degrees of hybrid sterility were observed. In Streptanthus, as in diploid 
Dactylis, regular 14 bivalent pairing was observed at meiosis in all 
the hybrids. This hybrid sterility consequently arises from genic and/ 
or fine structural disharmonies in the paired chromosomes. As we 
cannot distinguish between these KRUCKEBERG (1957) suggests the 
name “cryptic hybridity”’. 
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The extent of hybrid incompatibility in Streptanthus is roughly 
proportional to the distance between the parent populations. There 
is a similar situation in Gelia capitata subspecies (GRANT 1952). In 
these species, distance, or topographical barriers, permit the accu- 
mulation of genetic differences resulting in loss of fertility when hy- 
bridised. In such flowering plants, which are largely insect pollinated, 
effective isolation depends a good deal on the behaviour of the vec- 
tors, whilst in wind-pollinated grasses the situation is simpler, in 
that isolation of 200 yards effectively reduces introgression, permitting 
genetical and morphological differences to accumulate to the extent 
of near, or complete, inter-sterility, as in Elymus (SNYDER 1950, 1951) 
or in Glyceria (BorriLL, 1958). A full discussion of this point is given 
in BorriLL (1958). 

In Dactylis our assessment of the occurrence of sterility barriers 
must be related to the chromosomal status and geographical distri- 
bution of the taxa. The endemic diploids, and certain others, are 
morphologically and geographically distinct entities. This applies 
to the subspecies on which our hybrid data are based. The living 
subspecies probably represent relics of a widespread diploid complex 
depleted by the last glaciation. Their geographical isolation has, 
therefore, lasted a long time and conditions have been favourable 
for the accumulation of genetic differences which are thus a conse- 
quence of isolation. The extent of the reduction in diploid hybrid 
fertility can be judged by the percentage FI. (using 6 as the average 
number of florets per spikelet, BorRILL (1961a). Comparing the aver- 
age fertility with that of the most fertile individual in each generation, 
it may be supposed that stringent selection for fertility would be 
less effective in successive generations. A further decline might there- 
fore be expected in the F3. 
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In the tetraploids, glomerata and hispanica are complexes based on 
several existing diploids or their ancestors. D. marina (BORRILL 1961b) 
is a natural group the relatives of whose diploid ancestors, D. smithi 
and D. ibizensis occur today. It is not surprising, therefore, to find 
that D. marina shows its distinctness in respect of the lowest inter- 
fertility with the other groups: 


On d Mean seed set 
ph Gen per 100 spikelets 


| 
marina _ Xx glomerata | 20.9 


glomerata x hispanica 48.7 
marina _xX mispanica 16.2 


The inter-fertility of populations in these groups does not show 
the kind of relationship to distance observed in Streptanthus. The 
complex origin, particularly of glomerata and hispamica, and the wide 
ecological adaptability of Dactylis in general, may indicate the ab- 
sence of such a relationship. When crosses between populations in the 
same tetraploid taxon are considered it seems that a re-patterning of the 
chromosomes has occurred to about the same extent throughout. The 
consequent lower inter-fertility is probably a transient initial result 
of hybridisation, since recombination between parental chromosomes 
in quadrivalents may lead to restored fertility. 

The results are of significance in relation to evolution in Dactylis. 
They show that the diploids are partly inter-sterile, as a consequence 
of long periods of geographical isolation. One might plausibly argue 
that tetraploids originated on many occasions from hybrids between 
living diploids and some of these might have been successful because 
more fertile than the diploid hybrids. It is a matter for speculation, 
however, whether the diploids as we know them today were the an- 
cestors of the tetraploids. In the past, diploids were probably more or 
less continuously distributed in temperate and sub-tropical regions, 
and consequently were inter-fertile. (The relict subsp. smuithii is en- 
demic in the sub-tropical zone of the Canaries). The reason for the initial 
success of the tetraploids is a matter for conjecture. 

The degree and duration of isolation between tetraploids are less 
than between diploids, and inter-fertility, therefore, is much higher 
and opportunities for introgression occur widely. STEBBINs and 
ZLOHARY (1959) describe 11 diploids which they regard as subspecies in 
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preference to species, largely on the grounds that the diploids are 
potentially inter-fertile, a conclusion at variance with the present 
results, and indeed, with those of ZoOHARY (1956) for the Fy hybrids. 
Such considerations as ploidy, and potentiality for gene exchange, 
are misplaced as criteria for.a taxonomic classification, which must 
recognise morphologically identifiable taxa. It may be noted that 
although D. marina can meet and hybridise with hispantca little intro- 
gression occurs, and marina is a perfectly good species. A taxonomic 
revision of the group will be presented elsewhere. 

The practical consequences of loss in fertility lie at the diploid level, 
where the plant breeder seeking to utilise these ‘pure’ sources of genes 
by hybridisation may find difficulty. A more promising approach 
would appear to be the production of tetraploid hybrids by means of 
colchicine. Initially these would be expected to show more preferential 
pairing, and hence infertility, than natural tetraploid hybrids, but 
this could be rapidly overcome by selection. This will be discussed in 
a later paper. 

SUMMARY 


Two main ploidy levels occur in Dactylis, namely, diploids and tetra- 
ploids, and the object of the study was to compare the cross-fertility 
of local populations and of taxa and so ascertain any differences in 
their ability to exchange genes. 

Methods of measuring fertility, seed setting, germination and pollen 
staining were compared. The use of a “fertility index’ (F.L.) namely, 
the number of seedlings obtained per 100 female spikelets, was shown 
to have the advantage of minimising the effects of genotype/environ- 
ment interaction when comparing cross-fertilities. 

The fertility index of population plants varied greatly and showed 
no plant-to-plant correlation with pollen staining which was always 
over 50%. In hybrids, there was some plant-to-plant correlation be- 
tween fertility index and pollen staining. Pollen staining may, there- 
fore, not reliably indicate the seed setting capacity of genotypes in 
balanced populations. 

A considerable reduction in ability to exchange genes was observed 
when diploid taxa were hybridised. The loss in fertility when crossing 
tetraploids was less marked. In the tetraploid populations, ease of. 
hybridisation was in accordance with their taxonomic grouping. 
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The loss of fertility in the hybrids is interpreted in terms of genic 
repatterning of chromosomes in the spatially-isolated parental popu- 
lations. In the diploid hybrids where bivalent pairing is the rule, the 
consequences of genic unbalance are considerable, since fertility is 
30 times less in the Fs than in a balanced population. This would have 
practical implications for the plant breeder wishing to combine quali- 
ties from two or more diploids. 

In the tetraploids the differentiation between parental chromo- 
somes leads to preferential pairing as bivalents and a reduced quad- 
rivalent frequency. The harmful effect of hybridisation on fertility 
is expected to be transient at the tetraploid level, because of the 
extensive opportunities for the repatterning of parental chromosomes 
in the quadrivalents at meiosis. 

These results are considered in relation to the pattern in some other 
outbreeding plants, and to evolution in Dactylis. 
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INTRODUCTION 


Since the posthumous publication of WATsSON'’s “Handbook of 
British Rubi’’, botanists have had in their hands a remarkable col- 
lection of facts about the morphology, classification and distribution 
of the blackberries in the British Isles. Apart from its merits as a guide 
to the identification of the various forms, the Handbook is an im- 
portant source of information for assessing those factors, past and 
present, that are considered to have influence on the distribution and 
spread of blackberries. Using this source, it has been possible to make 
a detailed analysis of the data concerning the distribution of the five 
sections of true blackberries, which now comprise WATSON's subgenus 
Rubus, and formerly were called “Rubus fructicosus agg’. Particular 
emphasis is laid on the interpretation of the roles of both historical 
and morphological factors on the adaptation of the five sections. At 
the same time, it is hoped that a clarification of those factors which 
are associated with blackberry distribution will help in the planning 
of the breeding and introduction of varieties into cultivation further 
north in Britain, and elsewhere, than has hitherto been practical. The 
more general aspects of the ecological relationships of Rubus species 
are to be found in HAsKErr (1955). 

The genus Rubus in Great Britain and Ireland is subdivided into 
five subgenera, the most important being the subgenus Rubus. This 
comprises the true blackberries, of which several cultivated strains 
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are grown horticulturally. These 353 species of true blackberries have 
been divided by WATSON (1958) into five sections, the separation 
being based on taxonomic characters, particularly in relation to the 
armature, and to a lesser extent on leaf and floral characters. Thus 
the sections Sylvatici (94 species) and Discolores (14 species), to which 
belongs the only British priniary diploid, R. wlmifolius, have more or 
less equal sized prickles seated on the angles of the stem, and they lack 
stalked glands, acicles and pricklets. These are the “simple” black- 
berries. Then there is the section Sprengeliani with only seven species. 
Most of the British blackberries (178 species) belong to the section 
Appendiculatt, and have stalked glands, acicles and pricklets very 
thinly distributed on the stems. The section Glandulosi (60 species) 
includes the “complex” blackberries, with the stem prickles being 
very unequally distributed over the stems and there are numerous 
stalked glands, acicles and pricklets of different lengths. Nine of the 
total blackberry species are confined to Ireland: this paper is con- 
cerned with the 344 species in Great-Britain. 


VARIATION IN DIPLOIDS 


Although plants of the subgenus Rubus differ in a multiplicity of 
minor morphological details, there is a unifying basic pattern, this 
being true regardless of ploidy. All the British Rubus species are 
polyploid, except for A. ulmifolius (HesLoP HARRISON, 1953). The 
polyploids are not necessarily derived only from &. ulmifolvus; they 
are derived from European diploids that may or may not now exist 
(GUSTAFSSON, 1943). Only R. ulmifolius and R. tomentosus are widely 
spread in Europe now as the primary diploid species; four other local 
diploid species may be derivatives of these two. 

From a study of the comparative morphology of leaf pattern and 
variation, one can obtain a picture of the relationship of these primary 
diploids of the subgenus Rubus with diploid Rubi of other subgenera. 
Thus the leaves of eight diploid species from different subgenera are 
shown in Fig. 1. The variation ranges from the whole leaf pattern of 
the subgenus Aplanobatus type, eg. R. parviflorous (Western North 
America), through various modifications involving a breakdown of 
the single leaf into three or more leaflets, to the pattern for the two 
widely spread European primary diploid species. This last pattern is 
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LEAF VARIATION IN DIPLO/D RUB/ 


Fig. 1. Leaf variation in eight diploid species of Rubus from different subgenera. 
Key: (1) R.parviflorus (Western North America); (2) R.spectabilis (Western 
North America); (3) R.coveanus (Korea, China); (4) R.illecebrosus (Japan); (5) 
R. Givaldianus (China); (6) R.strigosus (North America); (7) R.idaeus (Europe); 
(8) R.ulmifolius (Europe). 


the basic leaf type of all the large group of European polyploid Rubus 
complex, including the British Rubus flora. The species illustrated 
have the same basic pattern of leaf architecture and venation, but 
differ considerably not only in habit but also in their armature. Some 
are highly prickled, e.g. R. ulmifolius, R. illecebrosus, and R. giral- 
dianus, whereas R. strigosus has numerous glandular hairs and setae. 
R. parviflorus and R. spectabilis (Ldaeobatus) are almost naked, except 
for a smooth covering of hairs. The basic unifying pattern of the 
extreme forms of leaf between. R. parviflorus, on the one hand, and 
that which typifies the European blackberry leaf is apparent. And 
it is this basic pattern of the diploid which is common to all the poly- 
ploid forms dealt with here. 
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DISTRIBUTION IN EUROPE 


The percentage frequencies in western Europe of the various 
sections of polyploid true blackberries, excluding the primary diploids, 
and also the Suberecti were recalculated from GUSTAFSSON (1943), 
and are given in Fig. 2. The section Appendiculati of WATSON (1958), 
combined from the subsections Vestiti, Radulae and Rudes, is given 


BLACKBERRY DISTRIBUTIONS IN EUROPE 
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Fig. 2. The percentage frequencies of different kinds of blackberries in various 


countries of Europe. 

The Subevecti are a section of WATrsoN’s subgenus Zdaecobatus Xx Rubus. The 
Vestiti, Radulae, Rudes are now incorporated in WarsoN's section Appen- 
diculati. The Hystrices and (Eu)Glandulosi together now form WATSON's section 


Glandulosi. The graphs have been prepared from data in GUSTAFSSON (1943). 


separately in the diagram; the values for Hystrices and Glandulosi 


(—= Euglandulosi of WATSON) are also given separately, although they 


are now combined as the section Glandulost. 


The figures show that there is a fairly regular decrease in the 
proportion of the Sylwatici (2) and Discoloves (3) in the whole Rubus 
population as one goes from Scandinavia south-eastwards across 
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Europe. The Hystrices (7) and Glandulosi (8) are highly infrequent in 
Scandinavia and north-west Europe; but they increase south-eastwards 
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so as to form the majority of the species in countries like Hungary. 
Whether the sections change in their frequency according to local eco- 
logical conditions across Europe, or whether this reflects migration from 
a centre of origin is difficult to assess here. But in this respect, the data 
from Portugal are interesting for this area is somewhat isolated from 
the rest of Europe, being at the edge of the Iberian Peninsula isolated 
by a mountain mass. There is here a high proportion of Sylwatici, and 
Discolores, and a very low proportion of the so-called “complex” Rubi. 
A spatial relation undoubtedly exists among Rubi and their sections 
from north-west to south-east Europe. 

The distribution in Great Britain of the species from all the sections 
can be considered on the basis of distribution maps from vice-comital 
estimates. These have been calculated from WATSON’s vice-county 
records. Fig. 3 shows the frequency distributions with the percentage 
numbers of species grouped in tens. The area of Surrey and West Kent 
is shown to be the centre of diversity of speciation in Britain. The 
adjacent counties of Buckinghamshire and East Sussex are next in 
frequency, and there is also a high proportion in the adjacent area of 
Hertford, Middlesex, East Kent and West Sussex. The South Eastern 
corner of England is undoubtedly the centre of diversity. There is, in 
addition, a frequency of 21-30% of the total species in some western 
counties of England, including Monmouth, Hereford and Stafford. 
RoGers in 1900 had found that Hereford contained the most species 


TABLE 1. Shift in centres of diversity of Rubus “species” in Britain. 


1902 1958 
Vice-county Rocers — 167 spp. | WATSON — 344 spp. 
% %o 

Hereford zE ies) 28.78 
Surrey 47.3 45-06 
Staffs. 46.1 27.23 
Berks. 45.5 26.16 
W. Kent 44.3 49.13 
Derby — So 10.46 
Leicester 38.3 12.79 


in Britain, but this centre of diversity has since shifted, as seen from 
Table 1. This is attributable either to a natural change, or to recent 
more intense botanizing in the Greater London area. The higher 
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frequency of species in the South East corner of England may be 
primarily associated with the proximity of this area to the Continent. 
The low frequency of diversity in Wales may be attributable to the 
migration barriers of the Cambrian mountain range running between 
England and the Welsh coast; yet East Anglia and the east coast of 
England, with a colder and more bracing climate, are also noticeable 
in the lower frequency of diversity. The frequency north of Lan- 
cashire and Yorkshire is always below 10% of the total species 
population, except in North Northumberland, which may have 
peculiarities related to glacial nunataks, and in Wigtownshire, which 
receives the Gulf Stream and so is somewhat warmer. 

The frequency distribution can be related to the limits of the last 
glaciation, by comparison with the map in WRIGHT (1937), which gives 
the southern edge of the advance of the last glaciation in Britain. This 
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Fig. 4. The frequency of Rubus species across Great Britain in relation to 
latitude. 

The mean number of species per vice-county is plotted against latitude. The 
mean for the 5 sections is shown, together with the graphs of the three important 
sections. The limits of the glaciation are indicated. (Data determined from 
WATSON, 1958). 
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would account partly for the higher frequency in Western counties, 
and also south along the Thames. This possible relationship to glaci- 
ation can also be gauged from Fig. 4, which depicts the latitudinal 
frequency of Rubi in Britain. Only the three largest sections, viz., 
Sylvatici, Appendiculati, and Glandulosi are shown, but the mean for 
all sections is given. The greatest diversity of types is to be found just 
south of the demarcation line, if the limit of glaciation was appro- 
ximately at 52° latitude. This is particularly clear for the Appen- 
diculati and Glandulosi; but for the more primitive Sylvatici there is a 
greater frequency between 50-51°, ie. in the counties of Cornwall 
and South Devon. There is a very rapid falling off of types in all 
sections north of 52° latitude. North of 55° latitude there is very 
little change in the distribution of diversity to the northern counties 
of Scotland, except at 56-57° lat. where there is a very slight increase. 
One possible influence on present-day distribution may be that the 
original flora was pushed back in the path of the advancing ice sheet, 
and has not returned with great rapidity. GODWIN (1949), however, 
maintains that it is far less important whether a species was able to 
survive the latest glaciation in the south of England, as the crucial 
point is the effect of dense forest growth upon these widespread plants 
of the following Post-Glacial period. If this hypothesis is true for 
Rubt, then data for the frequency in the five sections of species in 
woody habitats might be revealing. This is shown in Table 2, based on 
the ecological notes of WATSON (1958); it gives the percentage of 


Tasre 2. Frequency of known woodland species in the sections of 
British Rubi (Based on WATSON 1958) 


No. definitely No. species % known 
Section woodland species | not recorded, |woodland species 
or otherwise 
Sylvatici 18 75 NC) 
Discoloves Z 12 14 
Sprengeliant 2 5 29 
Appendiculati _— 47 130 27 
Glandulosi Zi 38 37 


species he recorded as occurring in woodlands. There is clearly an 
increase in the frequency of known woodland species recorded in the 
sections of British Rubi associated with increasing phenotypic com- 
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plexity, in contrast to what might have been expected on Godwin's 


hypothesis. 


TAXONOMY AND DISTRIBUTION IN BRITAIN 


There is an increasing frequency from simple to complex sections 
of species that occur in 1 to 10 vice-counties only, when the percentages 
of species in the vice-counties for the five sections of British Rubi 
are arrayed as histograms (Fig. 5). The Sylwatict have only 60% of 
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Fig. 5. The relationship between the taxonomy (i.e. section) of the subgenus 
Rubus, and scarcity, as measured by the percentage of species in the vice-counties 
Each histogram shows the percentage frequency of species limited from 1 to 10 
of the 112 vice-counties, the percentage occurring up to 11-20 vice-counties, 
and those species recognized as occurring throughout Great Britain (112 vice- 
counties). A greater proportion of the complex blackberries have more limited 
distributions than that of the simple blackberries. 
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their species limited to up to 10 vice-counties, whereas Glandulost 
have over 80%. Similarly, Sylvatici and Discolores have the highest 
proportions of species occurring in from 11 to 20% of the vice- 
counties. They also include those species which occur throughout the 
112 vice-counties, although in the Glandulosi there is one species, 
R. dasyphyllus, which occurs throughout Britain. Generally, the 
taxonomically more complex types of Rubi are liable to have a more 
restricted distribution in Britain than the simpler ones. 
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Fig. 6. The relative abundance of Rubus species in Great Britain. 

A. The number of species (out of 344) that occur in 1, 2... 112 vice-counties, 
are plotted as a series. The general shape is that of C. B. Wirrrams’ loga- 
rithmic series, used in studying the relative abundance of animal and plant 
populations. 

B. The numbers of species of Rubus in Britain and their distribution by vice- 
county frequency classified in x3 classes. The close fit to a Poisson distri- 
bution is shown, Puesrev's data for Hieracium species in Britain also are 
plotted. 

C. The ratios of simple to complex blackberries in different areas of England 
and Wales, and for Scotland. The increase in the ratio is seen in the northern 
part of Britain. The Hystrices and Euglandulosi now comprise WATSON's 


section Glandulost. 
(Data for A and B obtained from WATsonN, 1958; data for C in RoGERs, 1900). 
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RELATIVE ABUNDANCE IN GREAT BRITAIN 


The number of species which occur with a particular vice-comital 
frequency, up to a maximum possible of 112, are shown in Fig. 6A. 
This distribution follows the typical pattern of a logarithmic series 
(WirriaMms, 1954). If the number of species per vice-county is grouped 
into geometrical x 3 classes, a series of histograms is obtained (Fig. 
6B) when the values in these classes are plotted. The theoretical 
distribution for a Poisson series is also given, and the actual distri- 
bution fits this well. In this graph, the values for Hteraciwm species, 
based on Bonp’s (1952) estimates of PugGsLEy’s data, do not show 
such a good regularity for a possible Poisson. These two genera are of 
parallel interest in containing a large number of apomictic species, 
many with limited distribution in Britain. 

From RoceRr's (1900, 1902) records, if the joint frequency of species 
within the Sylwatici and Discolores is compared with the Glandulost 
(comprising Hystrices and Euglandulosi), the ratio is approximately 
1.0 (Fig. 6C). It is 2.3 in North Wales, 3.0 in Northern England and 
3.75 for Scotland as a whole. Hence there is a greater relative frequen- 
cy of the simple to the complex Rubt as one goes northwards in Britain. 


CYTOLOGICAL BASIS FOR VARIATION AND DISTRIBUTION 


These studies of distribution in Britain may now be considered in 
relation to the types of breeding behaviour one may expect from 
European pseudogamous polyploid species of the subgenus Rubus, 
as shown in Fig. 7. Diploid species like R. wlmifolius and R. tomentosus 
are fully sexual, with normal meiosis and segregation (CHRISTEN, 
1952) and this is true also for raspberry (R. idaeus) of the subgenus 
Idaeobatus. All apomictic Rubi produce some sexual hybrids when 
cross-pollinated, except R. caesius (subgenus Glaucobatus) which 
produces sexual hybrids only through its pollen. The proportions of 
the various hybrids are not related to the relative taxonomic positions 
of the. parents, but are intrinsic to the female (HASKELL, 1960a). 
Likewise all these pseudogamous Rubi are inter- and intra-fertile, 
regardless of the degree of ploidy. 

The apomictic mechanism can take two forms. Where there is no 
crossing-over due to apospory, i.e. a cell of the nucellus develops 
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CYTOLOGICAL BASIS OF VARIATION IN RUBUS 
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Fig. 7. Diagram showing the genetical consequences of the apomictic breeding 
system in polyploid true blackberries. The proportion of apospory and diplospory 
varies with the species. As some crossing-over occurs with the diplosporous 
mechanism more variation will occur among the apomictic progeny resulting 
from this than among apomictic progeny wholly resulting from apospory. Those 
species with the highest proportion of apospory will remain relatively stable, 
but those with a high proportion of diplospory will breakdown into “species” 
differing from one another in minor characteristics. These form the swarms of 
blackberries in Europe. 


parthenogenetically after receiving stimulation by ‘pollen, little 
genetical variation is to be expected owing to the lack of crossing-over. 
A species that is wholly aposporous theoretically will produce maternal- 
like offspring whose differences are attributable only to environmental 
effects, including the pseudo-heterotic effects of the sexually produced 
endosperm. Yet BERGER (1953) maintains that the proportion of 
apospory increases with hybridization, and has not observed wholly 
aposporous forms in European Rubi. At the other end of the scale of 
variability are those apomictic species with a large proportion of 
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diplospory, which involves crossing-over. Diplospory may mean that 
an egg cell is formed sexually in the usual way, but for some reason 
does not proceed to the ultimate stages, although crossing-over has 
taken place. There is not a complete reduction division, and the pollen 
takes no part in its fertilization. Data for the proportion of apospory 
and diplospory for the seven European species examined cytologically 
by CHRISTEN (1952) are plotted in Fig. 7. From the relative frequencies 
of dwarfs that occur in the species of British Rubi (Table 3), it appears 


TABLES. % Frequency of dwarf forms in true blackberries 


Complexity Section Total No. Spp. % of spp. 
| with dwarfs 

Simple Sylvatici 94 7.4 
Discoloves 14 ZAL 

Sprvengeliani d 0.0 

Appendiculati 178 3.4 

Complex Glandulost 60 7e 

Mean = 5.6% 


that the simple forms have a higher frequency of either diplospory or 
true sexuality than the advanced types, which are more aposporous 
and less sexual, if the dwarfs are genetically produced (cf. HEsLOP 
HARRISON, 1953). 

The amount of variation that can be released by polyploid apomictic 
Rubi is now seen to depend on the relative proportion of apospory 
and diplospory, and is also regulated by whether there is sufficient 
eryptic heterozygosity to provide segregation. There are two further 
complications. Firstly, one would expect lack of segregation if a 
polyploid apomictic “species” were a species-hybrid, from our 
knowledge of chromosome pairing and separation in loganberry, a 
hybrid involving parents from two subgenera. There may be, in 
addition, a reduction in the likelihood of segregation owing to the 
mode of segregation for a polyploid, as contrasted with that for a 
simple diploid. 

In contrast, there are further sources of variation open to these 
apomictic Rubi. It is possible for an unreduced egg-cell, for instance, 
to be fertilized by a pollen male nucleus, so forming a hybrid with 
higher ploidy, #.e. producing a new phenoploid. Or there is chromosome 
number reduction in the egg-cell, but the pollen fails to fertilize it, so 
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E4. 16 Rubus spp. which are veasonably widespread in Britain and not in dispute among biologists. 


f distinct spp. 
of spp. in sub- 
ion in Britain 
distinct spp. 


Triviales | Suberecti | Sylvatici |Discoloves | Sprenge- | Appen- |Glandulasi| Total 
liani diculati 
l Ì l ke) l 4 Zi 16 
20 13 91 14 7 173 09 344 
5.00 7.69 5.49 7.14 14.29 2 3.39 4.65 
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producing a maternal polyhaploid. Aneuploid seedlings also occur in 
the progenies of apomicts, but these, like the polyhaploids, show 
decreased vigour or dwarfing (GUSTAFSSON 1943). There is also the 
possibility of somatic instability, as demonstrated by HASKELL and 
Tun (1960), where an assortment occurs of vegetatively propagated 
cells which differ in their chromosome complements; the ploidy of 
the egg then depends on which cells function. The production of 
phenoploid somatic mutants from the root system may also occur, as 
in R. idaeus. 

There is no dispute concerning sixteen of the “species” in Britain. 
Specimens of these in the national herbaria have been collected, 
determined and approved by Rubus taxonomists. They are grouped 
by sections in Table 4, which also shows that ten are tetraploid; but 
R. ulmifolius (Discolores) is diploid, R. Bellardii (Glandulost) has 
tetraploid and pentaploid chromosome races, and R. sublustris 
(Triviales) is pentaploid. The proportion of distinct species that can 
be readily recognized in each section is low, particularly in the two 
more advanced sections, Appendiculati and Glandulosi. A consider- 
ation of the evolutionary consequences of apospory and diplospory in 
Rubus leads one to postulate that these sixteen species, which occur 
over a large area of Britain and are always highly uniform, are more 
likely to have a relatively high amount of apospory. They will be 
found to produce uniform maternal-like progenies. The restricted 
species that occur in divisions of sections and which differ in a few 
minor characteristics e.g. Sylwatici, subsection Virescentes, series 
Eugrati, described by HASKELL (1960b), are those with a relatively 
higher proportion of diplospory. In other words, apomictic ““circle- 
species” are expected to be more aposporous than diplosporous, and 


the ““micro-species’”’ mainly diplosporous. 


Little is known in apomictic Rubi of the mechanism of pollen grain 
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production, although uneven chromosome complement types are 
recognized by their bad pollen grains, especially triploids, and the 
pentaploids to some extent. This suggests that although the pseudo- 
gamous polyploids are apomictic in producing seed, they may be 
sexual for pollen production. The maintenance by seed and spread of 
triploid species in the wild is dependent, therefore, on their association 
with other species, mainly the tetraploids, which provide them with 
viable pollen to enable them to produce apomictically fruits with 
fertile seeds. 

Further considerations of the role of the cytological process in 
relation to the species and their distribution must be delayed until 
detailed cytological analyses of the underlying mechanism in the 
formation of both egg cells and pollen grains have been undertaken 
in the British Rubi. 


SUMMARY 


The changes in proportion across Europe of the various sections of 
apomictic polyploid species of the subgenus Rubus are described. The 
north western countries have a higher frequency of simple forms of 
blackberries, whereas south eastern areas, such as the Caucasus and 
Hungary, have a higher proportion of complex types. 

The distributions of the 344 “species” of true blackberries (subgenus 
Rubus) in Great Britain are analysed collectively for the five sections, 
from WATSON's data. The centre of diversity is in south east England; 
this may be related to the proximity with the Continent, or to greater 
numbers of botanists in this area. The general pattern of distribution 
appears to reflect the limits of glaciation, with the diversity of species 
north of the original limits of glaciation falling off very rapidly. The 
relation between taxonomy and scarcity indicates that the sections 
with the simpler types are less restricted in their distribution than the 
sections of complex forms. The relative abundance of Rubus species 
in Great Britain is analysed, and the number of species plotted against 
the vice-comital frequency shows a log. series. The number of species 
per vice-county grouped in geometric X 3 classes shows a close fit 
with the theoretical Poisson distribution. 

The basis for the variation in these apomictic polyploid Rubi is consi- 
dered in relation to the cytological origin of the apomictic mechanism. 
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STUDY OF THE INHERITANCE OF SEX EXPRESSION IN 
THE CUCUMBER. THE INTERACTION OF MAJOR GENES 
WITH MODIFYING GENETIC AND NON-GENETIC FACTORS 
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In Cucumis sativus L. there exists a greater diversity of true 
breeding sex types than in any other species of flowering plants 
studied till date. This species provides therefore a very interesting 
model for physiological and genetic control of sex expression. The 
following is a description of the cucumber sex types. 

We may designate as gynoecious, plants which bear only pistillate 
flowers. The flowers appear, mostly single, in the axils of leaves of the 
main axis and the side branches. They are sometimes inhibited in the 
first few nodes of the main axis. Gynoecious individual plants occur 
among certain (Fushinari) varieties of East-Asia (lTo and Karto, 
1953). During the present study gynoecious (st/st) plants were ob- 
tained by selfing heterozygous (st*/st) plants. Those segregates 
(st+/st and st/st) of this selfing, which bore no staminate flowers, under 
regular greenhouse conditions (day length not beyond 10 to 14 h. and 
average temp. not above 25°C at night and 35°C during the day) were 
crossed to monoecious (st*/st*) plants for progeny testing. Samples of 
each cross were planted and the (sf/st) female parent of crosses giving 
only st*/st progenies were thus isolated as homozygous gynoecious. 
The selfing of st/st plants was made possible only at a later stage of 
this investigation when the effect of gibberellic acid (GA) on such 
plants was discovered. The original gynoecious plants were received 
from Dr. O. SHIFRIss 


The monoecious sex type is the most common among the cultivated 
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cucumber varieties. In monoecious plants only staminate flowers 
appear on the lower nodes of the main axis (“staminate stage”). In 
contrast to pistillate flowers which appear only singly, several stami- 
nate flowers may appear in the axil of each leaf. The first pistillate 
flower appears at a distance of a certain number of nodes from the 
base. Beyond this point groups of 1 to 8 staminate nodes alternate 
with single pistillate nodes (“mixed stage"). Staminate and pistillate 
flowers at the same node occur only rarely. We shall designate monoe- 
cious only those plants on which the mixed stage is not followed by a 
“pistillate stage” (uninterrupted occurrence of pistillate nodes). Two 
monoecious varieties served in the course of this study. One of them 
Beit-Alpha, is a local slicer variety, the other, Yorkstate Pickling, was 
introduced from the United States. Both varieties were inbred for at 
least four generations previous to their use. A more detailed description 
of the sex expression of monoecious varieties was given in a previous 
article (SHIFRISS and GALUN, 1956). 

Andromonoecious plants resemble monoecious ones in respect to 
their first nodes on the main axis which are also staminate. But, 
following this, hermaphrodite flowers occur instead of pistillate ones. 
The first hermaphrodite flower appears at a relatively higher number 
of nodes from the base than does the first pistillate flower in most 
monoecious varieties. Mixed, staminate — hermaphrodite nodes are 
common and the hermaphrodite flower is regularly the first to appear 
at such “mixed nodes’. Later, one or more hermaphrodite or stami- 
nate flowers may develop. Groups of staminate nodes follow the first 
node with a hermaphrodite flower (hermaphrodite node) and alternate 
with single hermaphrodite nodes. However there is never a continuous 
appearance of hermaphrodite nodes. Andromonoecious varieties 
(“Lemon”’ type) are very restricted in commercial use. They were 
described at some length by Rosa (1928) and by TKACHENKO (1935). 
All the andromonoecious plants used in this study originated from a 
line of the variety Richmond Green Apple (RGA) which was selfed 
previously to use for at least four generations. 

In the so called hermaphrodite sex type the first few nodes on the 
main axis may be either staminate or hermaphrodite. Later on there 
is a continuous occurrence of hermaphrodite nodes. Furthermore, 
side branches bear only hermaphrodite nodes. As in the andro- 


monoecious sex type second or later flowers in each hermaphrodite 
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node may be staminate. A transient flower form, between herma- 
phrodite and staminate may sometimes occur. 

It should be pointed out that the hermaphrodite sex type does not 
occur in nature and was bred in the course of these studies (SHIFRISS 
and GALUN, unpublished; GALUN, 1958). The first plant of this type 
was found among the F» generation of the cross between the heter- 
ozygote, gynoecious X monoecious (— st*/st), and an andromonoe- 
cious plant. This plant was since selfed for several generations and 
proven to breed true. 

A diversity in respect to sex types seems to exist in other species of 
the cucurbitacean family, though not to the extent found in the 
cucumber. This may explain the relatively intensive use of plants of 
this family for studies on the inheritance of sex. Thus GALÁN (1951) 
found in Ecballium elaterium a situation which is approaching that in 
C. sativus. In the former plant there exist three sex types: gynoecious, 
androecious and monoecious which are intercrossable but only the 
last form can be selfed. Rosa (1928) who studied the inheritance of the 
andromonoecious versus the monoecious sex expression in Cucumis 
found the latter to be determined by a single dominant factor (M). 
TIEDjENsS (1928) found a peculiar cucumber plant which was stunted 
in its growth and almost completely pistillate, this character seemed 
to be controlled by one recessive factor. A description of “female 
plants was given by TKACHENKO (1935), these were found among 
Japanese varieties and were not completely gynoecious. This character 
was shown to be determined by a single dominant factor (F). Infor- 
mation on other important studies on this subject were thoroughly 
reviewed by CORRENs (1928), ArLEN (1940), Lewis (1942) and 
WESTERGAARD (1958). 

In view of the fact that previous studies have been only partially 
published to date (SHiFRiss and GALUN, unpublished; GALUN, 1958), 
they are summarized here. These studies conclude that femaleness 
cannot be defined as either dominant or recessive. The heterozygotes 
of the cross between gynoecious (female) and monoecious plants may 
start, as do monoecious plants, by producing staminate flowers first 
and then both staminate and pistillate flowers, and produce pistillate 
flowers exclusively only very late in their development. On the other 
hand, they may produce pistillate flowers only, right from the be- 
ginning. Thus, early in its ontogeny the heterozygote may be similar 
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to its monoecious parent and may only later in development change its 
expression to that of the female parent. If this “change” in sex 
expression occurs early in development, femaleness would seem to be 
dominant, but if it occurs very late the monoecious type could be 
assumed to be under dominant control. We shall consider this problem 
again in the discussion section. In addition, it was found that the 
factor for “femaleness’’ also affects the andromonoecious sex expression 
The introduction of femaleness into plants of this sex type resulted in 
a shortening of the staminate flower stage so that the plants produced 
bisexual flowers on successive nodes right from their base. 

The sex expression of the cucumber has been shown to be affected 
by various non-genetic factors. Several authors reported that day- 
length and temperature have a marked influence on monoecious plants. 
Long days and high temperature shift the sex expression towards 
maleness; a shift in the opposite direction can be induced by indo- 
leacetic acid and «-naphthaleneacetic acid, (see review of HESLOP- 
HARRISON, 1957). Other studies on the effect of non-genetic factors 
on the sex expression of monoecious varieties were commrunicated 
by MININa (1952), Iro and co-workers (Iro and SarTo, 1958 and several 
previous publications) and by GALUN (1956, 1959a). Recently it was 
reported that gibberellic acid (GA) also affects the sex expression by 
inducing a shift toward maleness (WirrweER and Bukovac, 1958, 
PETERSON and ANHDER, 1960, and GALUN, 1959b). Moreover, it was 
found by the present author (lc.) that prolonged GA treatment 
converted plants with very few staminate flowers into monoecious 
plants. 

We may thus conclude that sex types as monoecious and gynoecious 
are interchangeable either by the induction of environmental factors 
or by plant growth substances. We may even deduce that the defi- 
nition of a certain sex expression has a significance only when it is 
described concomitantly with the environmental conditions. 

Monoecious varieties may differ considerably in their sex expression 
(SHiFRISS and GALUN, 1956). Sex expression in these varieties is best 
defined by the number of nodes to the first pistillate flower (“node 
number’’) on the main axis. According to preliminary results the 
determination of node number seems to be multifactorial. For future 
reference it may be noted that changes in node number may be 


designated as changes in sex tendency. 
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The first object of the present investigation was to resume the 
study of the major genes which take part in the determination of the 
four main sex types of C. sativus. It was also attempted to supply 
more information on the multifactorial control of sex tendency, and 
to study the possible existence of interaction between major and 
modifying factors in the determination of sex expression. Another 
aim of this study was to mimic the effect of the modifying genes, and 
possibly even major genes, by the use of non-genetic factors as day 
length and GA, in order to get a clearer picture of the mode of action 
of the genetic factors in the determination of sex in the cucumber. 


THE INHERITANCE OF THE GYNOECIOUS AND MONOECIOUS SEX TYPES 


There was first one main difficulty in the clarification of the mode 
of inheritance of the gynoecious versus the monoecious sex types. This 
was the seemingly too high proportion of monoecious plants among 
segregates when either the 1 : 2: 1 (Fa) or the 1 : 1 ratio (backeross) 
was expected, according to the monofactorial hypothesis when 
femaleness was assumed to be dominant. It was further found that 
this discrepancy could be explained by the behaviour of the heter- 
ozygotes (heterozygous females). Though all the plants of this genotype 
had one character in common — a stage of uninterrupted occurence of 
pistillate nodes on the main axis — they differed considerable in the 
node number at which this stage started. Thus, when classification 
was made too early in their development, a great proportion of the 
heterozygotes were still before the pistillate stage. They were therefore 
erroneously classified as monoecious. Additional data given below will 
serve to explain this reasoning more clearly. 

In table 1 results of a self pollination of a heterozygous female plant, 
of the variety Beit-Álpha, are presented. According to the hypothesis 
of monofactorial inheritance of gynoecious versus monoecious, half 
the number of the segregates of the Fa of the cross between the two 
types should be heterozygous-females. Such plants should have a 
pistillate stage. But, classification made at an early stage of develop- 
ment, when flowering reached the 5th to 1Oth node, showed a sig- 
nificant lower number of such plants than expected, and corre- 
spondingly, a too high number of monoecious plants. However, when 
classified at a later stage, six out of those previously identified as 
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TABLE 1. Results of two classifications, made at a two weeks’ time interval of a 
selfed progeny of a heterozygous-female plant of the variety Beit-Alpha. 


Early taminate) Continuous 


Nostaminate | flowers but |pistillate stage 
| 


stage, pistillate stage | not observed Pp 
(gynoecious) existing (monoecious) 
(heterozygous 
female 

number of plants found 

first classification 23 29 25 0.01 

second classification 22 36 19 0.5-0.6 
number of plants 

expected 19.25 38.50 19:25 


monoecious showed a pistillate stage. On one plant which was first 
identified as gynoecious, staminate flowers were found and it was 


_ therefore finally added to the heterozygous-female plants. The results 


of the second classification were, thus, according to the 1 :2: 1 
ratio expectation. This last classification was retested by crossing the 
segregates to monoecious plants and in all cases results of this last 
test fitted the expectations. The data presented here is in agreement 
with a previous similiar test (SHIFRIss and GALUN, unpublished), 
where 130 plants out of a progeny of a self pollination of a heterozygous 
female plant of the variety YSP,were classified. It seems thus 
feasible to give these sex types the following genotype designations: 

monoecious stt [str 

gynoecious st [st 

heterozygous-female st*/st 


THE EFFECT OF DAY LENGTH ON THE SEX EXPRESSION 
OF THE GENOTYPES st*/st+ AND st*/st 


Before further results of the genetic study will be presented, the 
effect of an environmental factor on the sex expression of the geno- 
types st*/stt and st*/st will be described. Many workers have found 
that day length affects the sex of monoecious cucumber plants (see 
Introduction for references). It was therefore chosen as a model of a 
typical non-genetic effect on both monoecious and the heterozygous- 


. female genotypes. 
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For this experiment a total of fourty eight plants was used. They 
were grown, as usual, in pots on greenhouse benches. Twelve stt/st+ 
and twelve st+/st plants, both of the variety Beit-Alpha, were raised 
under normal August day-length of 13 h. Two further groups of 
twelve plants of each genotype received daily 5 hours of additional 
illumination. The additional illumination was provided by 100 W/24 
Volt incandescent bulbs hung 1.0 m. apart and at a distance of about 
1.0 m. above the plants. The plants received thus either 13 or 18 hours 
illumination per day. 


TABLE 2. Changes in sex expression of the main axis in st+[st+ (monoectous) and st+[st (heterozygous fe: 


plants induced by the incvease of day length. 


flowers 


number’ 


Day length Difference 
13 hours 18 hours between P value 
(no. add. (5 hours add. 18 and 13 hours differer 
illumination) illumination) illumination 
sthfstt | _stt/st | stt|stt_j stt/st stt/st+ | st+/st stt[st+ | 5 
Total number of staminate 
flowers 115.2 2.3 1108:2 13:5 iiD 112 0.05 
Total number of pistillate 
2.0 13.3 1.0 9.1 1.0 4.2 0.01 
Ratio of pistillate to stami- 
nate flowers 0.017 5 0.009 0.6 0.008 
Number of nodes to first 
pistillate flower, “node 
KOH) 1.8 25.6 4.6 125 2.4 0.01 
Number of nodes to continu- 
ous pistillate stage — 4.0 — 8.9 —= 4.9 — 


The data presented in Table 2 include the description of sex ex- 


pression of the main axis only, but parallel changes were observed 
in the side branches. It seems very obvious that the increase of day 
length has a strong effect on both genotypes. Monoecious (st+/st+) 
plants could be induced to approach very closely a perfect male sex 
expression as their first pistillate flower appeared a few nodes before 
the last flowering node of the plants (most plants died when flowering 
reached node no. 28 to 33). The st*/st plants had a very short male 
stage when grown under the 13 h. regime but when given 18 h. illumi- 


1) While st+/st+ plants were kept till flowering reached at least their 30th node, the stt/st plan: 


removed about 10 nodes earlier. 
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nation the continuous pistillate stage was delayed considerably. 
Furthermore on several individual plants of this genotype, given 13h. 
illumination no staminate flowers appeared, thus expressing the 
gynoecious sex type, while st+/st plants given 18 h. illumination, all 
had a well developed staminate stage. It appears therefore that the 
increased day length mimics the effect of the gene st+. There is little 
doubt that other environmental factors as temperature could be shown 
to behave similarly. Moreover by referring to physiological studies of 
Iro and Sarto (1958) they could even be superimposed on the effect 
of day length. 


CHANGES IN SEX TENDENCY OF MONOECIOUS (st*/st*) 
PLANTS INDUCED BY GENETIC MODIFIERS 


Sex tendency is defined by the number of nodes to the first pistillate 
flower on the main axis (node number). This node number was shown 
to be a plausible criterion for sex tendency (SHIFRISS and GALUN, 
1956). 

In order to clarify the mode of inheritance of node number a se- 
lection program for high and low number was initiated. It was postu- 
lated that the establishment of two lines, differing significantly in 
node number, by means of selection started from a heterogenous 
(commercial) variety, will support the hypothesis of multifactorial 
inheritance. 

A selection, thus, was begun in April 1956 with a population of 50 
plants which were grown from a commercial seed sample of the variety 
Beit-Alpha. After the determination of node number, only plants 
with either of the two extreme node numbers (high or low) were left 
and self-pollinated. In July, seeds of the selfed plants with the lowest 
node number were planted simultanously with those of plants with 
the highest node number. This procedure was repeated for eight 
generations. 

The results of this selection are summarized in Table 3. It may first 
be noted that the node number varies considerably with the date of 
planting. This is in agreement with the results of the previous section 
where the marked effect of day length was described. However, 
seasonal changes of both day length and temperature must be con- 
sidered here. The fourth and the eighth generations were planted 
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TaBLr 3. Results of a two-divectional selection for high and for low node nwmber, started from a 50 


population of a commercial monoecious stock of the variety Beit-Alpha. 


Gener- Direction of Date of | Number | Mean 
ation Pedigree number selection planting | of plants node 
number 

First | 356-2 high node number | 1. 7.56 29 24.2 
35610 lowe 3 ie lee 4:06: 25 21.8 

Second | 356-2-5 lane pp de 11.10.56 44 10.9 
356-102 low ip 11.10.56 44 7.5 

Fourth | 356-2-5-4-16 high „ 35 12: 7557 63 28.8 
356-10-2-1-—66 low; ED 1257057 78 24.5 
3562-54-16 high 5 22.10.57 18 139 
356-10-2-1-54 low „ 35 22.10.57 43 Sh 

Eighth | 356-2-5-4-16-2-14-44-12 |high „„ 7 12.11.59 39 11.3 
356-10-2-1-54-1-43-22-43 |low „5 12.11.59 37 6.1 
356-2-5-4-15-2-14-44-12 [high „ 5 31. 1.60 66 12.0 
356-10-2-1-54-1-43-22-43 |low Dn 31. 1.60 70 7.7 


twice, and the selection proceeded from the second planting of the 
fourth generation. Two processes are obvious in the course of selection; 
there is an increasing difference between the node number of the 
two selected lines and there is a decrease in variance of both lines. The 
presence of each of these processes supports the hypothesis of a 
multifactorial inheritance of sex tendency. 

Other evidence in support of this hypothesis comes from the inter- 
crossing of two selected lines. It was assumed that by the evaluation 
of the variances of Pj, Pa, Fj and F2 an approximation can be made as 
to the number of genes involved in the determination of node number. 
The two lines used were 356-2-5-4-16-2-14-44, the seventh gene- 
ration of a selection for high node number, and 356-10-2-1-54-1-43— 
22, the same generation of a selection for low node number. Both lines 
originated from the variety Beit-Alpha as described above. 

The two parents, their F, and F2 were planted simultaneously at 
August, 9 1960. The plants were thinned after germination to one 
plant per pot and an equal number of plants (63) for each group was 
left. The results of node number counts are presented in the histo- 
grams of Fig. Ll. By referring to Table 3, it can be seen that means of 
the two parents differ in about five and a half nodes which is some- 
what less than the difference established at the 8th generation. The 
mean of the Fi, though differing significantly from the Pi is very 
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close to it. The mean of the Fo is still closer to the parent with the 
low node number than to P2, but less so than F4. The variance of P, 
is lower than that of Ps; this seems to be a general trend, namely 


that the line with high node number is more variable than the line 


20 
Je 
SIS P{, mean =15:0, 
a variance =0:05 
jn Ke) 
3 
E 5 
ze) 
CS 


P‚, mean=204, 


variance =010 


F‚‚ mean= Keer 


variance= 0:05 


F‚, mean =17:4, 
variance= 0:23 


node number 


Figure 1. Frequency of distribution of node number (to the first pistillate flower 
on the main axis) of a low node number line (P;), a high node number line (P»), 
as well as of their F; and Fo. 
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with low node number (see also Table 3). The variance of F1 seems to 
be somewhere in the midway between P; and Pz while the variance 
of Fa is very high. The F2 population covered almost the whole range 
of node number of both parents, indicating segregation of factors 
contributing to node number. 

A similar test was made with two other lines. In this case the two 
lines differed also in the colour of hairs on the fruit. Black hairs are 
dominant over white hairs, and one gene, B, is involved (STRONG, 
1931). As the original population was heterogenous for this gene, the 
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ligure 2. Frequency of distribution of node number (to the first pistillate flower 
Or the main axis) of a black haired, low node number line (Pi), a white haired, 
high node number line (Pz), as well as of their F, and Fy. 
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selected lines could be either with black or with white hairs. The 
purpose of this test was to follow the idea (MATHER, 1948) of detecting 
linkage between polygenes and monofactorial characters with the inten- 
tion of supplying more evidence for the polygenic mode of inheritance. 
In the present test the low node number parent (Pi) was the black 
haired line 356-10-2-1-6-56-1-20 and the high node number parent 
(Pz) was the white haired line 356-2-5-4-16-2-14-12-56. Planting 
was made on August 21, 1960 and after germination seedlings were 
thinned to leave 45 plants for each group (Pi, Pa, Fi and Fo). The 
results are presented again in histogram form, in fig. 2. The two 


parents differ in more than six nodes which is not surprising as in 
this case the lines used were selfed and selected for eight generations 
instead of seven in the previous test. As in the previous test, there is a 
resemblance of the mean of Fi to the parent with low node number; 
the position of the mean of Fa is closer to P; than to Ps. Furthermore 
the variance of Fi is intermediate to the variances of the parents 
while the variance of Fz is considerably higher. In the histogram of Fz 
no division was made to white and black haired segregants, as un- 
fortunately no difference in mean node number was found between 
the white and black haired plants of the Fz. Thus, no linkage between 
polygenes and B seem to exist. By using the formula — 
n= D?/g (re — Ò?ri), 

were D is the difference between parent's means, a crude estimate of 
the number of factors involved (n) can be made. This number seems 
to be between five and twenty. 


CHANGES IN THE EXPRESSION OF MAJOR AND MODIFYING SEX GENES 
INDUCED BY GIBBERELLIC ACID 


In the course of a study on the physiology of sex expression in the 
cucumber it was found (GALUN, 1959b) that gibberellic acid (GA) had 
a strong effect on sex expression in this plant. A shift toward maleness 
was found whenever monoecious or heterozygous-female (st*/st) 
plants were treated with this substance. Furthermore, the prolonged 
treatment with GA not only caused a delay in the beginning of the 
continuous pistillate stage but even prevented it completely. 

It was therefore supposed that GA treatment might induce the 
appearance of staminate flowers on st/st plants. Such gynoecious 
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plants never produced staminate flowers (when grown under eene 
greenhous conditions). Positive results would be of interest for various 
reasons. First it may facilitate self pollination of st*st* plants and 
their use as male parents in crosses in order to demonstrate the 
monofactorial inheritance of “absence of staminate stage" (femaleness) 
The possibility to propagate pure lines of sf/st plants is of major 
importance in the propagation of parent of commercial hybrid seed 
varieties. 

For this trial a st*/st plant of the variety YSP was selfed. The 
progeny was planted in November 1958 and raised in 23 four-pot rows. 
Alternately, one row was treated and the second left as control, giving 
a total of 48 treated and 44 control plants. Treatment consisted of the 
daily application of 0.2 cc. 100 ppm. GA and it was continued for two 
weeks. The GA solution was dropped on the youngest expanding leaf, 
starting with the first leaf when its blade reached a length of about 
De, 

Table 4 summarizes the results of this test. The untreated progeny 
of the selfed st+/st plant segregated in the conventional 1 : 2: 1 ratio 
of monoecious (st*/st*), heterozygous-female (st+/st) and gynoecious 
(st/st) plants, respectively. The expression of the heterozygotes varied 


TABLE 4. The effect of gibbevellic acid (GA) on the sex expression of the progeny 
of a selfed st+|st plant. 


Females with early 
staminate nodes 
Monoecious with more with one Gvynoecious 
(st*/st*) than two or two (sé/st) 
staminate staminate 
nodes nodes 
Without treatment ie) 10 13, 12 
Plants treated in 
seedling stage 13 23 ke) 7 


in a typical manner for this genotype. The treated progeny showed a 
general shift toward maleness. Among the group of plants which had 
a continuous pistillate stage (females with early staminate nodes) 
there was a significantly greater proportion of plants having more 
than two staminate nodes than in the same group of the untreated 
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progeny. Moreover there was a smaller number of gynoecious plant- 
in the treated progeny than expected. It was thus suspected that at 
least some of the 5 plants classified as females with one or two stami- 
nate nodes were sf/st plants which were induced by the GA to produce 
a few staminate flowers. One of these was therefore self-pollinated 
and all its progeny, which consisted of thirty plants, was gynoecious. 
Similar results were in the mean time published by PETERSON 
and ANHDER (1960). It is therefore now fairly well established 
that GA,applied to st/st plants can produce a phenocopy st+/st 
genotype. 

One may go now one step further and ask whether the stt or the 
modifying genes, express their control on sex expression via a gibber- 
ellin-like substance. A direct answer to this question may be received 
only by biochemical methods, but an experiment could be designed 
to give, at least, a partial answer to the mode of action of the modifying 
factors. It was observed that in the course of the selection for low and 
for high node number (sex tendency) another character was accidental 
ly selected for. This character was the pattern of internode elongation, 
in which the two lines differed considerably. In the high node number 
line the internodes had a more accelerated growth period (though, 
in some internodes, of shorter duration) than corresponding internodes 
of plants of the low node number lines. This led to the assumption 
that a specific pattern of internode elongation is somehow connected 
with a more male like sex tendency. It was therefore attempted to 
determine the amount of GA which is necessary to bring a line with 
a low node number (stronger female tendency) toward the sex tenden- 
cy of a high node number; and, furthermore, whether this same 
amount of GA will cause also the pattern of internode elongation of 
the first line to approach the latter. This would give support, by 
analogy, to the hypothesis that a GA like substance plays an im- 
portant role in the mode of the expression of the modifying factors. 
On basis of this reasoning, a preliminary experiment was performed. 
It consisted of 16 plants in each of the following groups: high node 
number line (HL) untreated, low node number line (LL) untreated, 
LL treated with 33 ppm. GA and LL treated with 100 ppm. GA. 
Treated plants received 0.1 cc. of solution every alternate day for 
two weeks. It was found (Table 5) that even the high concentration 
was not enough to mimic the sex tendency of the HL. A second 
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experiment was therefore performed in which the GA concentrations 
were increased. The results in respect to sex tendency were: 


TaBLe 5. The comparison of a high node number line (HL) with an untveated and 
GA tweated low node number line (LL) in vespect to sex tendency and elongation. 


Total length | Number of [Node number 
Description of line and of * the plant) developed * (to first 
treatment (in cm) leaves pistillate 
flower) 
HL (356-2-5-4-16-14-44-2-24) 40.8 12.3 20.1 
LL (356-10-2-1-54-1-43-12-43-28) 26.3 ELS 12.6 
LL treated with 33 ppm. GA 28.8 10.4 13.5 
LL treated with 100 ppm. GA 34.8 11.0 15.4 
LSD 5% 8.9 3.4 21 
1% 12.1 en 27 
line and treatement mean node number 
high node number (HL)-untreated 26.4 
low node number (LL)-untreated 18.2 
LL + 100 ppm. GA 22.2 
LL + 330 ppm. GA 24.0 
LL + 1000 ppm. GA 27.4 


(LSD oop Sns 


Thus the concentration which brings the LL most closely to the 
HL seems to be between 330 and 1000 ppm. In fig. 3 the pattern of 
elongation of internode 3 of the two lines and the 330 ppm. GA 
treated LL line, is shown. The faster initial growth and shorter 
duration of elongation is typical for both the HL and the GA treated 
LL lines. Figure 3 actually gives a faithful representation of what 
happens in other internodes. Furthermore the 100 and 1000 ppm. 
concentrations have similar effects and on both sides of the 330 ppm. 
treatment. For comparison, the elongation of the same internode in 
the first experiment is also given in Figure 3, though elongation in 
both lines was less in this experiment (performed under shorter days 
regime) it is again obvious that by GA treatment the pattern of 
elongation in the treated LL line approaches that of the HL. 

We are able to conclude that GA may mimic the stt gene, though 


* Thirty nine days after planting. 
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perhaps not to its full extent, but it can mimic completely the sex 
tendency effect of the polygenes. In the last case, at least, this phe- 
nocopy seems to be based on a gibberellin like substance the amount 
of which may be controlled by these polygenes. 


THE INHERITANCE OF HERMAPHRODITE (PERFECT) FLOWERS AND ITS 
INTERACTION WITH OTHER SEX CONTROLLING FACTORS 


There exists a group of varieties in C. sativus, called “Lemon type”, 
in which, instead of pistillate flowers of the regular monoecious plants, 
hermaphrodite (perfect) flowers occur. Such plants are called andro- 
monoecious and were described in detail in a previous section. 

It was first found by Rosa (1928) that the character of the monoe- 
cious sex type which may also be defined as absence of stamens in the 
perfect flower is controlled by a simple dominant genetic factor M. 
Though in C. sativus this sex (andromonoecious) type is rare, most 
cultivated varieties of C. melo are andromonoecious, while monoecious 
varieties are rare. An additoinal parallel between the two species is 
the finding (Rosa, 1928; Poore and GRIMBALL, 1939) that the 
monoecious condition in melons differs from the andromonoecious 
condition by a single gene. 

Our first assumption was that if the sole genetic difference between 
monoecious and andromonoecious is the absence of stamens in the 
perfect flower of the first sex type, then the latter should be designated. 
as st*/st, m/m. A change in the genetic constitution to st/st, m/m should 
result in a plant which has no staminate nodes and which starts with 
a continuous perfect flower stage, right from its base. Based on this 
reasoning a heterozygous female, st*/st,‚ M/M was crossed with 
andromonoecious to st+/st* m/m (st/st,‚ M/M plants were unobtainable 
at the time). One of the resulting plants with a continuous pistillate 
stage (st*/st,‚ M/m) was self-pollinated and among its progeny, one 
hermaphrodite plant was received. This plant was probably of the 
expected sf/st, mf/m genotype. It bred true for hermaphroditism, 
although, most of its progeny, obtained by selfing, varied in respect 
to the number of staminate nodes which preceeded the continuous 
perfect stage, (0-7 staminate nodes). However this variability was 


shown to be non-genetic. vil 
Though this genotype was obtained in accordance with the original 
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Figure 3. Elongation pattern of the third internode of a high node number (to 
the first pistillate flower on the main axis) line, a low node number line and a 
GA treated low node number line. Data are from two separate experiments. 
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assumption there was a marked deviation from the expected 9 : 3 : 3 
: 1 dihybrid Fz ratio, i.e. among the m/m plants the deviation was 
toward the male side and among the M plants toward the female side. 
It was first suspected that it was caused by a linkage between m and 
st*. In order to test for suspected linkage between mm and stt a monoe- 
cious plant was crossed to a hermaphrodite. The resulting plants 
were all females with early staminate nodes, but they varied con- 
siderably in the number of nodes to the continuous pistillate stage. 
One of those plants was backcrossed to a hermaphrodite plant. The 
backcross was thus: 
Ist*/st+, M/M (monoecious) x st/st,‚ m/m (hermaphrodite)] X 
x st|st, m/m and the resulting genotypes: 
1. stt/st, M/m 3. st/st, m[m 
2. st/st, M/m (C.O.?) 4. st+[st,‚ m/m (C.O.?) 
are expected in the 1 : 1 : 1 : 1 ratio. 
If linkage does exist between the two loci, genotypes 1 and 3 should 
be more frequent than 2 and 4. However, the opposite results were 
obtained. Among the M/m plants there was a greater proportion of 


3LE 6. Frequency of distribution of node number to continuous pistillate or hermaphrodite flower stage of 
back-cross progeny: (monoecious Xx hermaphrodite) X hermaphrodite; expressed by plants per node-numbe 


| Node number to continuous pistillate or Total 
Phenotype hermaphrodite stage no. of 


al 5| 6l 7| 8) gftoft1[12{13f14|15|16|17|18|19|20/21|22/23|24)25|26 (plants 


ND 
[en 


nis with pistillate 
jers (Mm) 

hout staminate 
owers 20/59 7 


h staminate flowers 2 4 31 2| 1 ij 3) 2 l 122 
ats with perfect 

jers (mm) 

hout staminate 

lowers 5i22| 6} 1 34 


h staminate flowers Zie NEZ) 2 il 4l 1| 2 21 71 2} 5| 3} 1| 6| 2 3 tj HI) Ij 1 


plants without staminate nodes, while among the m/m plants, those 
with staminate nodes formed the majority (see right column of Table 
6). The solution to this apparent paradox may come from the distri- 
bution of the first continuous pistillate or hermaphrodite node in the 
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mlm genotypes. This distribution is recorded in Table 6. It seems 
that M/m plants vary less in respect to the position of this first 
continuous pistillate or hermaphrodite node, and it is located much 
closer to their bases than the first continuous hermaphrodite node in 
mlm plants. As mentioned already in a previous section, the heter- 
ozygous female plants (st*/st‚ M/M) form a variable group. Such 
plants may start flowering with the continuous pistillate stage, but in 
other plants of the same genotype, this stage is preceded by a few 
staminate nodes, even under the same environmental conditions. 
Hower, st/st,‚ M/M plants always start their flowering with the 
continuous pistillate stage (unless treated by GA). We may therefore 
assume that the 86 M/m plants of Table 6 include all st/st plants and 
part of the stt/st plants. On the other hand, the selfing of herma- 
phrodite plants results in hermaphrodite offspring which may, or may 
not, have staminate flowers preceeding the continuous perfect stage, 
even though there is no genetic difference among the plants of this 
progeny. Based on this, a new hypothesis is suggested, namely that 
the m gene itself induces the shift of the sex expression toward 
maleness, not only in the individual flowers, but also in the whole 
plant. Thus, st+/stt, mm/m; sttst, m/m; and st/st m/m plants, have a 
stronger male tendency than st+/st+, M/m; st*/st, M/m; and st/st,‚ M [m 
plants, respectively. According to this hypothesis it could be supposed 
that the 61 plants of Table 6 are of two genotypes: all the st+/st plants 
and part of the st/st are of the m/m progeny of this cross, while all 
the 34 plants are of the st/st, m/m genotype. 

Though this hypothesis, on the role of M and mm in the determi- 
nation of sex tendency, gives an adequate answer to the experimental 
results its validity was further tested. To exclude any possible failure 
in the process of crossing, the back-cross was repeated with unrelated 
lines, resulting in following. 


plants with pistillate {no staminate nodes (st/st plus st+/st) 25 
flowers (M/m) | with staminate nodes (st+/st) 9 
plants with perfect no staminate nodes (st/st) 9 
flowers (1/12) eig staminate nodes (st+/st+ plus st/st) 42 


The results thus fit well those of Table 6. 

Another test was performed in which the cross [stt/st+, M [M 
(monoecious) Xx st/st, mm (hermaphrodite)] x st*/stt, m/m (andro- 
monoecious), was made. The expected genotypes were st+/st+, M Im; 
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st*[st+, mm; st*[st‚ M/m; and st+/st, m/m. If the assumption of the 
effect of m on sex tendency is correct, than the number of nodes to 
the first pistillate flower in the st*/st*, M/m plants should be lower 
than the number of nodes to the first perfect flower in the st*/st*, 
mlm plants. Furthermore the number of nodes to the continuous 
pistillate stage should be lower in st+/st, M/m plants than this number 
for the perfect stage of st*/st, m/m plants. The actual results presented 
in Table 7, agree with these expectations. In the data of Table 7 the 
flowering was recorded untill node no. 32. If for any reason the plants 
had reached only 25 nodes (which is quite common) then most st*/st, 
mlm plants would have been classified as andromonoecious. On the 
other hand this would not affect the classification of the st*/st,‚ M /m 
plants, which, by having a continuous pistillate stage would have 
been classified as heterozygous female. 

The results of the self-pollination of st*/st, M/m were also retested. 
In a progeny of this type it is quite difficult to trace the phenotypes to 
their genotypes however, the data obtained, fit well to our hypothesis. 

The assumed genotypes are attributed to the phenotype by referring 
to the increasing male tendency induced by: M/M — M/m — m/[m. 
The most important point to consider here is that while the heter- 
ozygote st*/st,‚ m/m resembles very closely the st+/st+, m/m type, due 
to the double dose of mm, the heterozygote st*/st,‚ M/M (as well as 
st*[st, M/m) either resembles a st/st‚ M/M or can be easily classified 
into a separate phenotype. 


Phenotype | Genotype Number of plants 
Perfect flowers, no or very few stlst, m/m b 
staminate flowers 11 
Perfect flowers, but most flowers st+[st‚ m[m 
staminate stt|st+, m/m 32 
Pistillate flowers, no staminate st/st, M/M 
flowers st/st, M/m 
(st+/st,‚ MJM) * 
(st*/st, M/m) 1 40 
Pistillate flowers, with few stt/st, MJM 
staminate flowers continuous stt[st‚ M/m 
pistillate stage 58 
Pistillate flowers but no continuous stt[st‚ MJM 
pistillate stage stt[st‚t M/m 55 


Lt Small proportion. 
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TABLE 8. Node number (to first pistillate of perfect flower) and number of nodes 
to the continuous pistillate or perfect stage on plants of the Progeny of the test cross 
st|st, M/m X st|st, m/m 


‚_m/m plants M/m plants 
| (perfect flowers) (pistillate flowers) 
Mean node Mean node number 
Progeny number |Number | number INumber 
OR First, \k Cont: of First Cont. 
plants | perfect | perfect | plants | pistillate | pistillate 
flower | stage flower ‚_ stage 
34-2 xX 33-1 | 11 | 4.9 6.6 8 2.0 2.0 
34-26 x 33-1 LOSS 5.7 18 25 210 
34-104 Xx 3-1 | 15 47 | 60 15 2.4 3.0 


Using plants of this F> population a further test could be performed. 
Gynoecious plant (st/st,‚ M/m and st/st,‚ M/M) were crossed to herma- 
phrodites. When the sé/st,‚ M/m genotype was used, two groups of 
plants were obtained, one with perfect flowers the other with pistillate, 
ones. The results in Table 8 show very clearly that while M/m plants 
had actually no staminate stage, the m/m plants started their con- 
tinuous perfect flower stage considerably later (as in M/m there was 
practically no variability, differences were all significant). 

It may, nevertheless, be claimed, that itself does not influence 
sex tendency but a complex of polygnese, strongly linked to m might 
exert this effect. To disproof this claim completely a laborious back- 
crossing procedure would have to be carried out. However, there 
exists other evidence against it. This evidence was obtained from 
results of the test cross of st/st,‚ M/M plants (of the above mentioned 
F2 population) to a hermaphrodite (st/st, m/m). If linkage is assumed, 
then at least some of the polygenes linked to » should recombine at 
meiosis of the F; and be transfered to the M chromosomes. This being 
so, one should expect an uneven distribution of polygenes on the two 
M chromosomes of the st/st,‚ M/M plants of the F2. Thus we would 
expect a progeny which is split into two parts (with at least a slight 
difference in sex expression): one received the M chromosome with 
more polygenes driving toward maleness and the other — with less 
such polygenes. Actually no such split progenies were found in the 
progeny of the four crosses made, which consisted of 28, 30, 20 and 30 
plants. Thus the evidence favours the hypothesis that the gene itself 
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exerts a male sex tendency. This appears to be the most likely reason 
for the longer staminate and mixed (staminate —+ perfect) stages in 
stt[st, mjm plants than in st*/st, M/M and st*/st, M /m plants (where 
the mixed stage is staminate + pistillate). 


DISCUSSION 


An attempt will be made to consider all factors (genetic and non- 
genetic), known to affect sex expression in Cucumis sativus. These 
will be applied to a discussion of the sex determination mechanism 
in the cucumber as well as to the speculation on evolution of dioecism 
in flowering plants. 

The lower part of fig. 4 is a schematic representation of the main 
axis of a hypothetic cucumber plant. It begins with the staminate 
stage, followed by the mixed (staminate and pistillate or staminate 
and hermaphrodite) stage, and ends with the continuous pistillate or 
continuous hermaphrodite stage. The common monoecious varieties 
show only the first two of these stages but the potential existance of 
the third stage is revealed by some of them, as Marketer, expecially 
when grown in short days and low temperature conditions. We shall 
first consider only M/M plants (pistillate or staminate and pistallate 
flowers) and start with the st*/st+ genotype, which is represented by 
most cultivated varieties. It could be shown that when one of the st+ 
alleles was replaced by st, the resulting plants start flowering with the 
pistillate stage which may or may not be preceded by a few staminate 
nodes; but unless GA treated they always have a continuous pistillate 
stage. Thus, st causes a shift of the pistillate stage toward the base. This 
shift is more pronounced when both st+ alleles are replaced by st alleles. 
Plants of the st/st, M/M genotype produce only pistillate nodes, as their 
continuous pistillate stage is shifted completely to the base. The st gene 
therefore acts on the background of a persistant flowering pattern by 
changing the time and duration of the component flowering stages 
which make up this pattern. These results in a change in sex expression 
from male to female. The st locus thus controls the relative time, 
during ontogenesis, at which these changes in sex expression take 
place. The earlier the change (st/st), the earlier will the pistillate stage 
start and the stronger will be the female sex expression. A delay in 
this change, on the other hand, (st+/st+) results in the absence of the 


157 


THE INHERITANCE OF SEX EXPRESSION IN THE CUCUMBER 


Polygenes, m,‚st + 


Long days, high temp., GA 


Polygenes, u, st 


EKD 
Short days, low temp,, NAA, IAA 


E AAA 
D IAA 
Ce 


pistillate (or hermaphrodite) 


mixed 


Staminate 


Figure 4, Schematic presentation of the main axis of a hypothetic cucumber plant and the main genetic and non-genetic factors which 
affect sex expression. Explanations are given in the text. (In line 3 for u read M). 
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pistillate stage during the life of the plant. The names “male” and 
“female” are therefore misleading (at least in C. sativus) as these are 
but two phases of one persisting flowering pattern. Although genetic 
evidence for this hypothesis comes only from the cucumber it seems 
to have a more general implication among flowering plants. For 
instance NrirscH et al. (1952) found a continuous change of sex in 
flowers of Cucurbita pepo from staminate to giant pistillate flowers. 
MURNEEK (1927) showed that in Cleome spinosa this change from 
staminate to pistillate flowers can be revealed by removing the 
young fruits. A similiar condition was described by JosHri (1939) 
for Musa paradistaca. This phenomenum of ontogenetic change in the 
sex of flowers is easily explained by the persistent embryological 
condition of the short apex from which new organs are constantly 
projected. Analogical situations seem to exist even in the animal 
kingdom. Dopp (1960) reviewed recently the sex control in cold 
blooded vertebrates, showing especially in the amphibians that a 
change in sex expression during ontogeny is very common. Moreover, 
the existance of races differing in respect to the time in their life-cycle 
at which this change takes place was described already long ago by 
Wrrscur (1922), for Rana temporaria. 

It was also shown in the present investigation that there probably 
exist polygenes for node number to first pistillate flower which have a 
similar effect on sex expression, to that of the major gene (st and st+). 
Though the effect of the polygenes is less conspicuous, the difference 
between them and the major genes seem to be only quantitative. 

Non-genetic factors were shown by several authors to affect the 
sex of the cucumber plant, (ÎIEDJENS, 1928; EDMOND, 1931; MININA, 
1952; NirTscH et al., 1952; LAIBACH and KRIBBEN, 1950a, 1950b, 1950c 
1951; [ro and Sarro, 1958 and earlier publications; PETERSON and 
ANHDER, 1960; and GALUN, 1956, 1959a, 1959b). Those results, as 
well as the present ones point toward the conclusion that non-genetic 
factors may mimic the polygenes or even the major genetic factors 
for sex expression. Furthermore they act in the same manner in 
inducing a shift and not a real change, in the predetermined flowering 
pattern. 

Attention may now directed back to fig. 4, where five sex types are 
represented schematically. A is the main axis of a monoecious plant. 
B is a plant which has a continuous pistillate stage starting just below 
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the end of the main axis. In C and D the pistillate stage starts earlier 
while in the gynoecious E‚ the flowering starts with the pistillate stage. 
The two arrows, placed above the five representative sex type show 
the genetic and non-genetic factors which can cause the transfer from 
one sex type to another, merely by a shift in the flowering pattern. 
As those genetic and non-genetic factors have an additive effect, it is 
now quite possible to receive the whole range of sex types from almost 
complete androecious (male) to gynoecious (female), by an appropriate 
combination of these factors. 

It was shown during this study that 7 can presumably exert two 
effects. One, described by Rosa (1928) is the control of sex in the 
individual flower, causing the production of perfect flower (m/m) as 
opposed to M — pistillate flowers. M is single dominant to m. When 
m[m is combined with st/st, plants are obtained which produce perfect 
flowers successively from their base, or from a few nodes above it. 
However, m effects sex also in a manner similar to st+, though to a 
lesser extent. The seemingly pleiotropic character may actually be 
based on one biochemical effect. Here one may assume, that the 
biochemical conditions leading to a shift in the flowering pattern of 
the whole plant, also affect the individual flowers in the same direction. 

Based on the present information, of the mechanism of sex control 
in the cucumber we are now in the position to speculate on the evo- 
lution of dioecism in flowering plants. GOLDSCHMIDT (1955) and Wes- 
TERGAARD (1958), discussed the evolution of dioecism in plants and 
also reviewed the previous literature on this subject. However, it is 
felt that based on the information supplied by the present investi- 
gation on role of the ontogenetical change in sex as an expression of a 
predetermined flowering pattern in the cucumber a further dis- 
cussion is in place. 

In a hermaphrodite cucumber plant, as in many so called herma- 
phrodites of other species (CORRENs, 1928), not all flowers are strictly 
bisexual. Staminate flowers occur mainly near the base, and transitory 
(between staminate and hermaphrodite) flowers may also occur at the 
lower part of the plant. Moreover, secondarily staminate flower may 
occur in the axils of adult leaves after perfect flowers. Thus staminate 
flowers are produced at a greater distance from the apex than perfect 
ones (GALUN and ATSMON, 1960). Let us now suppose that a substance 
(or a combination of substances) must reach a certain level to induce 
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stamen production and another level for pistil production. Further- 
more, this substance may be produced at one end of the plant where 
it is more abundant, and through this, may be forming a gradient of 
its amount along its translocation route. By supposing further that 
the amount reaching the flower primordia is varying during onto- 
genesis and the male inducing effect is decreasing gradually, the 
deviation from the true bisexuality is easily explained. Now by 
introducing a trigger mechanism (M) which will interact with the 
biochemical gradient (stamens — pistils) and enable the production 
of either a staminate or a pistillate flower — a monoecious plant is 
obtained. This monoecious plant should have the gradually changing 
sex expression from staminate to pistillate. Experimental evidence 
was found recently (ATSMON and GALUN, 1961) which favours the 
assumption that the gradual change in sex from staminate to pistillate 
is based on the distance of shoot apex to flower bud, and showes that 
this distance is decreasing during ontogenesis. 

The evolution of monoecism from hermaphroditism can therefore 
be based on the following assumptions — 1. Stamens and pistils are 
controlled by different amounts of certain substances. 2. The plant 
supplies these substances to flower buds in different amounts during 
ontogeny. 3. A mutation occurred m-— M, producing a trigger 
mechanism permitting in each flower primordium the development 
of either stamens or pistil. There seem at present to be considerable 
evidence for the correctness of these three assumptions. The first was 
discussed at length and advocated by HEsLOP-HARRISON (1957), the 
second is a simple genetic trait, for the third we have indirect evidence 
(GALUN, 1959a) and further encouraging investigations are on way. 

As for the evolution from monoecism to dioecism, we seem to have 
even simpler arguments. The existence of the three stages — staminate, 
mixed and pistillate — are undoubtedly parts of a gradual persistant 
change from maleness toward femaleness. We may start with a 
mutation st* — st which occurs in a plant of a restricted population. 
This will cause femaleness to occur much earlier, and the plant will 
be gynoecious or almost so. As it will rarely be self-pollinated the 
population will tend to consist mainly of st*/st and st*st+ plants. 
However, st*/st* plants with a very long male stage (high node number) 
will be at a selective advantage, because of their more frequent cross- 
pollination, therefore polygenes for high node number will accumulate 
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giving those st*/stt plants gradually a phenotype which is close to 
androecious (male). Still, these sf mutants will be preserved by nature 
which are strong enough, in one dose to counteract the polygenes for 
male tendency (high node number). Through this establishment of 
a balance between the major genes for sex expression and its polygenic 
modifiers, associated with the “opposite sex’, dioecism may evolve. 


SUMMARY 


Two major genes and a complex of polygenes affecting sex expression 
in Cwcumuús sativus L. as well as their interaction with some non- 
genetic factors were investigated in the present study. The genetic 
tactor st was found to affect sex by inducing a shift of the predetermin- 
ed flowering pattern of this plant, in the direction of its base. As this 
pattern is composed of a staminate stage followed by a mixed (stami- 
nate-pistillate) stage and a pistillate stage, a double dose of st will 
induce a change from the normal monoecious sex expression (to 
absolute gynoecism. 

The second major gene studied, 1, known previously to control sex 
in the individual flower (m/m — andromonoecious, M — monoecious), 
also interacts with factors affecting the flowering pattern by inducing 
male tendency. 

Using an ordinary commercial monoecious stock additional modi- 
fying factors for sex expression were demonstrated, by eight gene- 
rations of selection for high (in male direction) and for low (in female 
direction) node number to the first pistillate flower. A comparison of 
the means and frequency distributions of node number of the two 
selected lines, their Fy and Fo, indicated polygenic control of this 
character. 

It was found that two non-genetic factors, day length and gibber- 
ellic acid (GA), may mimic the genetic factors for sex expression. 
Furthermore, evidence was presented, indicating that this sex con- 
trolling ability of GA and the modifying genes may be based on 
physiological conditions common to those two genetic and non- 
genetic factors. 

The overall mechanism of sex control in the cucumber and in other 
plants was discussed and a hypothetic model for the evolution of 


dioecism in flowering plants was proposed. 
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